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Why Study Music Appreciation 

Why study music? An obvious answer is because we enjoy it. But let us 
consider why we enjoy it and how it even works. How is it emotional and 
abstract AND logical and mathematical at the same time? How can it bring 
tears to some and not to others? How can your phone even "Shazam" it if it 
has no human ears?! We will see that the overall answer lies primarily on 
one word: repetition. 


Note:Please note that you must have the most recent copy of Macromedia's 
Flash plugin installed to play the musical examples. 


In order to more fully appreciate music—any music, familiar or unfamiliar- 
-let us begin by considering music from the “ground up,” free from the 
constraints of a particular era or style. What is music and how does it make 
sense to us? Think of your own experiences with music. What are the 
reasons for music being so powerful? 


The Power of Music 


Music is ephemeral and a time-art: It needs time to unfold. Whereas it is 
possible to have an instantaneous view of a painting, it is not possible to 
have an instantaneous hearing of a piece of music. We can all remember 
those electrifying moments when we round a museum corner and, suddenly, 
a favorite Rembrandt or Picasso bursts into view: We can take in the entire 
canvas in a single glance. Music does not offer such short cuts: There is no 
way to hear a favorite musical work other than to listen all the way through. 
A painting or sculpture exists in concrete physical form. When the lights are 
turned off in the museum, the painting is still there. But music is a 
performance art: Each moment is temporary, washed away by the next. A 
sound exists in its precise “now,” and then vanishes. Once the performance 
is over, the music is gone. 


Music is a form of touch. Sound literally touches our body. Though we 
perceive it with our ears and/or skin, music is very much a physical art 
form. 


Music is unstoppable in time. Like music, fiction is a time-art. But the 
reader is in control of the pacing: He or she may read the book in a single 
sitting or over the span of several months. In contrast, a musical 
performance is not meant to be interrupted; the pacing is out of the 
listener’s control. Furthermore, the pages of a novel are all accessible at any 
time: The reader may review passages at will—meditating on the meaning 
of an ambiguous paragraph or looking back to confirm an important clue. 
The reader may even give into the temptation to skip ahead to the ending. 
No such luxury exists at a concert. You can’t raise your hand and say, 
”Forgive me, Maestro, I didn’t understand that last passage” and have the 
maestro reply,” Yes, you in the tenth row, no problem, I’|l take it over again 
from measure nineteen!” Music rushes by, unimpeded by the listener’s 
questions, distractions or desire to linger. 


Finally, music is abstract and non-verbal. The meaning of a word may be 
colored by context; but there is has an enduring, stable meaning, which any 
of us can look up in the dictionary. If I use the word “egg” as a metaphor 
for birth or renewal, the metaphor only succeeds because you and I share a 
common definition. On the other hand, musical sounds do not have literal 
or fixed meanings. Musical sounds may evoke moods or images, may 
suggest yearnings, loss, or surprise: But these interpretations are far more 
subjective and open-ended. You can never say “Please get me a soda from 
the 7-11” in abstract musical sound. Music is not designed to be that literal. 
Although music is often referred to as a “language,” its sounds are never 
anchored to any specific meaning. 


Thus, music is abstract and non-verbal art-form, unstoppable in time. Under 
those conditions, how is it possible for music to be intelligible? When you 
think about it, it's quite a challenge! Music places tremendous pressure on 
the listener: It asks him or her to follow an argument that is racing by, made 
up of impermanent sounds with no fixed meaning. 


The answer to this question is extraordinarily important, because it 
transcends all questions of era or style. We believe with all of our hearts 


that music speaks to us. But how? It is invisible and insubstantial; it is not 
referring to anything "real." Theater and ballet are also time-arts: But 
theater uses words and ballet has the human body as a frame of reference. 
What does music have to direct our attention and guide us through its 
narrative? 


The answer is that repetition is the key to musical intelligibility. Music, 
afterall, is not random noises but an organized group of sounds. Repetition, 
not surprisingly, is the foundation for the physics of sound and explains 
how music differentiates from noise. 


The Reason for Studying Music 


Repetition and Recognition 

Listening to explicit, literal repetition is like eating a simple carbohydrate: 
It is easily digested and quickly absorbed. That is why popular music has so 
much literal repetition: Its success depends on making an immediate 
impact. On the other hand, listening to transformed repetition is like eating 
a complex carbohydrate: It takes longer to digest. More of our attention is 
engaged: What changed? By how much? How fast did it happen? How long 
will it persist in the new form? Observations lead to interpretation: Why did 
it change? What are the consequences of what happened? 


More and more, nutritionists are emphasizing that complex carbohydrates 
are healthier for our bodies. Similarly, transformed repetition may be 
healthier for our musical minds: It demands greater concentration, more 
astute observations and more careful reasoning--in short, more active 
listening. Learning to recognize and evaluate transformed repetition is a 
crucial aspect of music appreciation. 


Conclusion 


Because music is an abstract, non-verbal time-art, repetition lies at the heart 
of how music makes sense and why it is important to be studied and 
appreciated. In pop music, the repetition tends to be more literal, while in 
classical music, it is often varied and transformed. As much as composers 


are often searching for new sounds and instrumental combinations, they are 
also inventing new means of building repetition. 


Introduction to the Physics of Hearing 
class="introduction" 
https://www.openstaxcollege.org/l/O2wavesnsound 


Why do we like music? What makes one sound different from another? 
Many people may mention things like treble, bass, beat, or volume when 
describing music. These and other characteristics of music go to the heart of 
the physical laws governing sound. This video describes how sounds are 
created with string instruments, such as a cello. A cellist controls the sound 
produced by their cellos by altering string length and tension. How does this 
create different notes when the cello is played and how do these sounds 
reach our ears? Indeed, understanding the physical principles of sound 
enables instrument manufacturers to create the perfect instrument and 
instrument players to create great music. 


This chapter describes what properties of sound we can detect with our ears. 
By the end of the chapter, you will gain an understanding of how human 
ears detect sound waves and transmit them into nervous system signals that 
the brain can interpret. Finally, you will learn the physical basis for sound 
phenomena that we commonly experience, such as resonance, sonic booms 
and the Doppler effect. 


Sound 


e Define sound and hearing. 
e Describe sound as a longitudinal wave. 


This glass has been 
shattered by a high- 
intensity sound 
wave of the same 
frequency as the 
resonant frequency 
of the glass. While 
the sound is not 
visible, the effects 
of the sound prove 
its existence. 
(credit: ||read]||, 
Flickr) 


Sound can be used as a familiar illustration of waves. Because hearing is 
one of our most important senses, it is interesting to see how the physical 
properties of sound correspond to our perceptions of it. Hearing is the 
perception of sound, just as vision is the perception of visible light. But 
sound has important applications beyond hearing. Ultrasound, for example, 
is not heard but can be employed to form medical images and is also used in 
treatment. 


The physical phenomenon of sound is defined to be a disturbance of matter 
that is transmitted from its source outward. Sound is a wave. On the atomic 
scale, it is a disturbance of atoms that is far more ordered than their thermal 
motions. In many instances, sound is a periodic wave, and the atoms 
undergo simple harmonic motion. In this text, we shall explore such 
periodic sound waves. 


A vibrating string produces a sound wave as illustrated in [link], [link], and 
[link]. As the string oscillates back and forth, it transfers energy to the air, 
mostly as thermal energy created by turbulence. But a small part of the 
string’s energy goes into compressing and expanding the surrounding air, 
creating slightly higher and lower local pressures. These compressions 
(high pressure regions) and rarefactions (low pressure regions) move out as 
longitudinal pressure waves having the same frequency as the string—they 
are the disturbance that is a sound wave. (Sound waves in air and most 
fluids are longitudinal, because fluids have almost no shear strength. In 
solids, sound waves can be both transverse and longitudinal.) [link] shows a 
graph of gauge pressure versus distance from the vibrating string. 


Compression 


A vibrating 
string moving to 
the right 
compresses the 
air in front of it 
and expands the 
air behind it. 


As the string 
moves to the 
left, it creates 
another 
compression and 
rarefaction as 
the ones on the 
right move away 
from the string. 


ae 


After many 
vibrations, there are 
a series of 
compressions and 
rarefactions 
moving out from 
the string asa 
sound wave. The 
graph shows gauge 
pressure versus 


distance from the 
source. Pressures 
vary only slightly 
from atmospheric 
for ordinary 
sounds. 


The amplitude of a sound wave decreases with distance from its source, 
because the energy of the wave is spread over a larger and larger area. But it 
is also absorbed by objects, such as the eardrum in [link], and converted to 
thermal energy by the viscosity of air. In addition, during each compression 
a little heat transfers to the air and during each rarefaction even less heat 
transfers from the air, so that the heat transfer reduces the organized 
disturbance into random thermal motions. (These processes can be viewed 
as a manifestation of the second law of thermodynamics presented in 
Introduction to the Second Law of Thermodynamics: Heat Engines and 
Their Efficiency.) Whether the heat transfer from compression to 
rarefaction is significant depends on how far apart they are—that is, it 
depends on wavelength. Wavelength, frequency, amplitude, and speed of 
propagation are important for sound, as they are for all waves. 


Compression 


Sound wave 
compressions and 
rarefactions travel 

up the ear canal and 


force the eardrum 
to vibrate. There is 
a net force on the 
eardrum, since the 
sound wave 
pressures differ 
from the 
atmospheric 
pressure found 
behind the 
eardrum. A 
complicated 
mechanism 
converts the 
vibrations to nerve 
impulses, which are 
perceived by the 
person. 


Note: 

PhET Explorations: Wave Interference 

Make waves with a dripping faucet, audio speaker, or laser! Add a second 

source or a pair of slits to create an interference pattern. 

: Make waves with a dripping faucet, audio speaker, or laser! Add a 
second source or a pair of slits to create an interference pattern. 


Wave Interference 


Section Summary 


e Sound is a disturbance of matter that is transmitted from its source 
outward. 

e Sound is one type of wave. 

e Hearing is the perception of sound. 


Glossary 


sound 
a disturbance of matter that is transmitted from its source outward 


hearing 
the perception of sound 


Sound and Ears 
For middle school and up, an introduction to the human ear. 


Introduction 


The ear is the sense organ that picks up sound waves from the surrounding 
air and turns them into nerve impulses that can be sent to the brain. The 
sound waves carry lots of information - language, music, and noises - all 
mixed up together. The task of the ear is to turn the signals in these waves 
of bouncing air molecules into electrical nerve signals, while keeping as 
much of the information in the signal as possible. (Then it's the brain's job 
to sort the signals and make sense out of them.) It's not easy to turn one 
kind of signal into another kind without losing information, but the ear is 
well designed for the task. 


Note: The human ear also has some other functions not related to hearing; 
those won't be discussed here. 


When something vibrates, the vibrations can travel as waves through solids, 
liquids, and gases. Even animals that have no ears can often feel these 
vibrations. But in order to understand language and hear music, the brain 
has to be given more information than just "there's a vibration". It needs to 
know the frequency and amplitude of all the waves that the ear is collecting. 
Interestingly, the ear sends this information to the brain very accurately by 
turning the sound waves in the air (vibrations in a gas) into vibrations in 
bones (solid), and then into waves in a fluid in the inner ear (a liquid), 
before they become (electrical) nerve signals. This might seem like a lot of 
unnecessary translation, but it allows the sense of hearing to be both sturdy 
and very sensitive, as explained below. 


Parts of the Ear 


The ear has three main sections. In the outer ear, the sound waves are still 
moving in air. In the middle ear, the sound waves are being conducted by 
three small bones. In the inner ear, the waves are moving through the fluid- 
filled cochlea. 

The Ear 
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Inner Ear 
Middle Ear 
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Hammer 


Ear Canal Anvil 
Stirrup 


The parts of the ear that 
aren't involved in hearing 
have been left out. 


The Outer Ear 


The part of the human ear that you can see is simply a sound wave 
collector. Its shape helps to funnel the sound waves into the auditory canal 
(or ear canal) so that you get plenty of signals from even soft sounds, 
particularly ones from the direction that you are looking at. At the other end 
of the ear canal is the eardrum (or tympanic membrane). This is a 
membrane that is stretched tight, like the membranes on the tops of drums 
(including tympani). And thin, taut membranes are very good at vibrating, 
which is why they can be found both on drums and inside ears. The 
eardrum picks up the vibrations in the ear canal and vibrates with them. 


The Middle Ear 


On the other side of the eardrum are the three tiny bones of the middle ear, 
the hammer, the anvil, and the stirrup. They are named for their shapes. 
Vibrations in the eardrum are passed to the hammer, which transmits them 


to the anvil, which makes the stirrup vibrate against the oval window of the 
cochlea. Bone is a very good conductor of vibrations, and the bones of the 
middle ear are specially arranged so that they can amplify (make louder) 
very quiet sounds. On the other hand, if things get too loud, tiny muscles in 
your middle ear can relax the eardrum a bit. A relaxed eardrum doesn't 
vibrate as much (think of a relaxed rubber band as opposed to a taut one), 
and this helps to keep things from getting damaged. 


The Inner Ear 


The cochlea is a fluid-filled spiral (shaped something like a snail shell) 
about the size of a pea. Vibrations in the stirrup make waves in the fluid that 
travel down the spiral. In the fluid, in a long strip following the spiral, is the 
organ of Corti. This organ is covered with (about 20,000) tiny, incredibly 
sensitive hairs that are waving around inside the Cochlear fluid. Each of 
these hairs is a nerve ending that is picking up specific information about 
the vibrations in the fluid. At the end of the organ of Corti, the nerves are 
bundled together as the auditory nerve, which brings the information to the 
brain. 


Note: The fragile, sensitive hairs on the organ of Corti would never stand 
up to the rough conditions in the ear canal. Even protected in the Coclear 
fluid, they don't last forever, especially the ones that can sense the highest- 
frequency vibrations. That is why most people begin to lose their sense of 
hearing as they grow older. 


Presenting this Module to Children 


You can present the information above in the form of a classroom 
lecture/presentation to elementary or middle school classes. Here are some 
suggestions for making the presentation more interactive and engaging. 


Locate a poster or large diagram of the ear to use as a visual aid. 

If you don't have a poster, or if the printing on it is small, write the 
names of the parts of the ear on the board as you discuss them. 

Make copies of this PDF file worksheet for a class handout. Have the 
students label the parts of the ear during or after your presentation. 
When you discuss the outer ear, have the students make their own 
simple funnels out of paper and tape. Have each student hold the small 
end of the funnel up to an ear to see if it helps the ear collect sounds 
even better, especially in the direction that the funnel is pointing. A 
very simple version of this is to simply cup the hands behind the ears. 
You may want to have a classroom discussion on why it might be 
useful to have ears that "focus" on the sounds that are directly ahead of 
you. If the class is also studying animals, you can bring in pictures of 
various ears. Which are large and which small? Which are pointed 
straight ahead? How would that be useful? Which can swivel in 
different directions? How would that be useful? If they cannot come 
up with any ideas, give them a hint by asking which animals are 
hunters and which are hunted. You may also want to discuss animals 
that pick up vibrations with parts of their bodies that are very unlike 
human ears. You can even turn this into a class project by asking 
students to research and report on different animals (reptiles, 
elephants, and insects are particularly interesting). 

For the eardrum, you can simply use rubber bands to demonstrate that 
things vibrate more clearly when they are taut. Or if you want to be 
more adventurous (and messy), stretch a sheet of thick cellophane or 
thin rubber, leather, hide, or close-woven fabric across the opening of a 
bowl, can, or small tub, and sprinkle some rice over it. Try hitting your 
stretched membrane with a stick when it is relaxed, fairly taut, and 
very taut. When is it best at transmitting the vibrations and making the 
rice jump? Can you get it taut enough to act like an eardrum - so taut 
that even a loud sound nearby (say, hitting a different can) will make it 
vibrate and the rice jump? 

When discussing vibrations in bone, let them talk while pressing their 
fingers gently on the back of their jawbones (below the ears). They 
should be able to feel the vibrations from their own speech in the bone 
almost as well as when they press against their throats, where the 
sounds are being produced. But they probably won't feel any vibrations 


from their noses, cheeks, outer ear, or hair. You can point out that: a lot 
of what you hear when you hear your own voice is coming to your ear 
through your jawbone. That's why your voice sounds so different to 
you when you hear a recording of it. 

When discussing the Cochlea and organ of Corti, ask if the students 
have seen underwater plants moving back and forth in the waves. If 
you really want to be hands-on, you can get a tank of water, hang some 
long thin ribbons or plant fronds in it, and let them make waves and 
watch the "hairs" move. 


Speed of Sound, Frequency, and Wavelength 


e Define pitch. 

e Describe the relationship between the speed of sound, its frequency, 
and its wavelength. 

e Describe the effects on the speed of sound as it travels through various 
media. 

e Describe the effects of temperature on the speed of sound. 


When a firework 
explodes, the light 
energy is perceived 

before the sound 

energy. Sound 
travels more slowly 
than light does. 

(credit: Dominic 

Alves, Flickr) 


Sound, like all waves, travels at a certain speed and has the properties of 
frequency and wavelength. You can observe direct evidence of the speed of 
sound while watching a fireworks display. The flash of an explosion is seen 
well before its sound is heard, implying both that sound travels at a finite 
speed and that it is much slower than light. You can also directly sense the 
frequency of a sound. Perception of frequency is called pitch. The 
wavelength of sound is not directly sensed, but indirect evidence is found in 
the correlation of the size of musical instruments with their pitch. Small 


instruments, such as a piccolo, typically make high-pitch sounds, while 
large instruments, such as a tuba, typically make low-pitch sounds. High 
pitch means small wavelength, and the size of a musical instrument is 
directly related to the wavelengths of sound it produces. So a small 
instrument creates short-wavelength sounds. Similar arguments hold that a 
large instrument creates long-wavelength sounds. 


The relationship of the speed of sound, its frequency, and wavelength is the 
same as for all waves: 
Equation: 


Uw = fr, 


where Uy is the speed of sound, f is its frequency, and J is its wavelength. 
The wavelength of a sound is the distance between adjacent identical parts 
of a wave—for example, between adjacent compressions as illustrated in 
[link]. The frequency is the same as that of the source and is the number of 
waves that pass a point per unit time. 


A sound wave emanates from a source 
vibrating at a frequency f, propagates 
at v,,, and has a wavelength A. 


[link] makes it apparent that the speed of sound varies greatly in different 
media. The speed of sound in a medium is determined by a combination of 
the medium’s rigidity (or compressibility in gases) and its density. The 


more rigid (or less compressible) the medium, the faster the speed of sound. 
This observation is analogous to the fact that the frequency of a simple 
harmonic motion is directly proportional to the stiffness of the oscillating 
object. The greater the density of a medium, the slower the speed of sound. 
This observation is analogous to the fact that the frequency of a simple 
harmonic motion is inversely proportional to the mass of the oscillating 
object. The speed of sound in air is low, because air is compressible. 
Because liquids and solids are relatively rigid and very difficult to 
compress, the speed of sound in such media is generally greater than in 
gases. 


Medium Vy(m/s) 
Gases at 0°C' 

Air 331 
Carbon dioxide 259 
Oxygen 316 
Helium 965 
Hydrogen 1290 
Liquids at 20°C’ 

Ethanol 1160 
Mercury 1450 


Water, fresh 1480 


Medium Vy(m/s) 
Sea water 1540 
Human tissue 1540 


Solids (longitudinal or bulk) 


Vulcanized rubber 54 
Polyethylene 920 
Marble 3810 
Glass, Pyrex 5640 
Lead 1960 
Aluminum 5120 
Steel 5960 


Speed of Sound in Various Media 


Earthquakes, essentially sound waves in Earth’s crust, are an interesting 
example of how the speed of sound depends on the rigidity of the medium. 
Earthquakes have both longitudinal and transverse components, and these 
travel at different speeds. The bulk modulus of granite is greater than its 
shear modulus. For that reason, the speed of longitudinal or pressure waves 
(P-waves) in earthquakes in granite is significantly higher than the speed of 
transverse or shear waves (S-waves). Both components of earthquakes 
travel slower in less rigid material, such as sediments. P-waves have speeds 
of 4 to 7 km/s, and S-waves correspondingly range in speed from 2 to 5 
km/s, both being faster in more rigid material. The P-wave gets 
progressively farther ahead of the S-wave as they travel through Earth’s 
crust. The time between the P- and S-waves is routinely used to determine 
the distance to their source, the epicenter of the earthquake. 


The speed of sound is affected by temperature in a given medium. For air at 
sea level, the speed of sound is given by 
Equation: 


T 


where the temperature (denoted as 7’) is in units of kelvin. The speed of 
sound in gases is related to the average speed of particles in the gas, Urms, 
and that 

Equation: 


where k is the Boltzmann constant (1.38 x 10°73 J /K) and m is the mass 
of each (identical) particle in the gas. So, it is reasonable that the speed of 
sound in air and other gases should depend on the square root of 
temperature. While not negligible, this is not a strong dependence. At 0°C, 
the speed of sound is 331 m/s, whereas at 20.0°C it is 343 m/s, less than a 
4% increase. [link] shows a use of the speed of sound by a bat to sense 
distances. Echoes are also used in medical imaging. 


(4 


)}) 


A bat uses sound echoes 
to find its way about and 
to catch prey. The time 
for the echo to return is 
directly proportional to 
the distance. 


One of the more important properties of sound is that its speed is nearly 
independent of frequency. This independence is certainly true in open air 
for sounds in the audible range of 20 to 20,000 Hz. If this independence 
were not true, you would certainly notice it for music played by a marching 
band in a football stadium, for example. Suppose that high-frequency 
sounds traveled faster—then the farther you were from the band, the more 
the sound from the low-pitch instruments would lag that from the high-pitch 
ones. But the music from all instruments arrives in cadence independent of 
distance, and so all frequencies must travel at nearly the same speed. Recall 
that 

Equation: 


i= 7X: 


In a given medium under fixed conditions, v,, is constant, so that there is a 
relationship between f and A; the higher the frequency, the smaller the 
wavelength. See [link] and consider the following example. 


High f, small 2 


Small f, large 2 


Because they travel 
at the same speed 
in a given medium, 
low-frequency 
sounds must have a 
greater wavelength 
than high- 
frequency sounds. 


Here, the lower- 
frequency sounds 
are emitted by the 

large speaker, 
called a woofer, 
while the higher- 
frequency sounds 
are emitted by the 
small speaker, 
called a tweeter. 


Example: 

Calculating Wavelengths: What Are the Wavelengths of Audible 
Sounds? 

Calculate the wavelengths of sounds at the extremes of the audible range, 
20 and 20,000 Hz, in 30.0°C air. (Assume that the frequency values are 
accurate to two significant figures.) 

Strategy 

To find wavelength from frequency, we can use vy = fA. 

Solution 


1. Identify knowns. The value for v,,, is given by 
Equation: 


Ue — (331 m/s} 73K" 


2. Convert the temperature into kelvin and then enter the temperature 
into the equation 
Equation: 


303 K 


Uy = (Bat m/s) 273 K 


= 348.7 m/s. 


3. Solve the relationship between speed and wavelength for A: 


Equation: 
Uw 
A=—. 
vi 
4. Enter the speed and the minimum frequency to give the maximum 
wavelength: 
Equation: 
348.7 
sah 
20 Hz 
5. Enter the speed and the maximum frequency to give the minimum 
wavelength: 
Equation: 
348.7 
ee ee BENE vane 
20,000 Hz 
Discussion 


Because the product of f multiplied by A equals a constant, the smaller f 
is, the larger A must be, and vice versa. 


The speed of sound can change when sound travels from one medium to 
another. However, the frequency usually remains the same because it is like 
a driven oscillation and has the frequency of the original source. If vy 
changes and f remains the same, then the wavelength A must change. That 
is, because vy, = fA, the higher the speed of a sound, the greater its 
wavelength for a given frequency. 


Note: 
Making Connections: Take-Home Investigation—Voice as a Sound Wave 


Suspend a sheet of paper so that the top edge of the paper is fixed and the 
bottom edge is free to move. You could tape the top edge of the paper to 
the edge of a table. Gently blow near the edge of the bottom of the sheet 
and note how the sheet moves. Speak softly and then louder such that the 
sounds hit the edge of the bottom of the paper, and note how the sheet 
moves. Explain the effects. 


Exercise: 
Check Your Understanding 


Problem: 


Imagine you observe two fireworks explode. You hear the explosion of 
one as soon as you see it. However, you see the other firework for 
several milliseconds before you hear the explosion. Explain why this is 
so. 


Solution: 


Sound and light both travel at definite speeds. The speed of sound is 
slower than the speed of light. The first firework is probably very close 
by, so the speed difference is not noticeable. The second firework is 
farther away, so the light arrives at your eyes noticeably sooner than 
the sound wave atrives at your ears. 


Exercise: 
Check Your Understanding 


Problem: 
You observe two musical instruments that you cannot identify. One 


plays high-pitch sounds and the other plays low-pitch sounds. How 
could you determine which is which without hearing either of them 


play? 


Solution: 


Compare their sizes. High-pitch instruments are generally smaller than 
low-pitch instruments because they generate a smaller wavelength. 


Section Summary 


The relationship of the speed of sound v,,, its frequency f, and its 
wavelength J is given by 
Equation: 


U_ = fA; 


which is the same relationship given for all waves. 


In air, the speed of sound is related to air temperature 7" by 
Equation: 


T 
Uw = (331 m/s) soo 


Uy is the same for all frequencies and wavelengths. 


Conceptual Questions 


Exercise: 


Problem: 


How do sound vibrations of atoms differ from thermal motion? 
Exercise: 

Problem: 

When sound passes from one medium to another where its propagation 


speed is different, does its frequency or wavelength change? Explain 
your answer briefly. 


Problems & Exercises 


Exercise: 
Problem: 


When poked by a spear, an operatic soprano lets out a 1200-Hz shriek. 
What is its wavelength if the speed of sound is 345 m/s? 


Solution: 


0.288 m 
Exercise: 
Problem: 
What frequency sound has a 0.10-m wavelength when the speed of 
sound is 340 m/s? 
Exercise: 
Problem: 


Calculate the speed of sound on a day when a 1500 Hz frequency has a 
wavelength of 0.221 m. 


Solution: 


332 m/s 
Exercise: 
Problem: 
(a) What is the speed of sound in a medium where a 100-kHz 


frequency produces a 5.96-cm wavelength? (b) Which substance in 
[link] is this likely to be? 


Exercise: 


Problem: 


Show that the speed of sound in 20.0°C air is 343 m/s, as claimed in 
the text. 


Solution: 
Equation: 
Vy = (331 m/s)4/ aox = (331 m/s) / 28K 
= 343 m/s 
Exercise: 
Problem: 


Air temperature in the Sahara Desert can reach 56.0°C (about 134°F). 
What is the speed of sound in air at that temperature? 


Exercise: 
Problem: 
Dolphins make sounds in air and water. What is the ratio of the 


wavelength of a sound in air to its wavelength in seawater? Assume air 
temperature is 20.0°C. 


Solution: 


0.223 
Exercise: 
Problem: 
A sonar echo returns to a submarine 1.20 s after being emitted. What is 


the distance to the object creating the echo? (Assume that the 
submarine is in the ocean, not in fresh water.) 


Exercise: 


Problem: 


(a) If a submarine’s sonar can measure echo times with a precision of 
0.0100 s, what is the smallest difference in distances it can detect? 
(Assume that the submarine is in the ocean, not in fresh water.) 


(b) Discuss the limits this time resolution imposes on the ability of the 
sonar system to detect the size and shape of the object creating the 
echo. 


Solution: 
(a) 7.70 m 


(b) This means that sonar is good for spotting and locating large 
objects, but it isn’t able to resolve smaller objects, or detect the 
detailed shapes of objects. Objects like ships or large pieces of 
airplanes can be found by sonar, while smaller pieces must be found by 
other means. 


Exercise: 


Problem: 


A physicist at a fireworks display times the lag between seeing an 
explosion and hearing its sound, and finds it to be 0.400 s. (a) How far 
away is the explosion if air temperature is 24.0°C and if you neglect 
the time taken for light to reach the physicist? (b) Calculate the 
distance to the explosion taking the speed of light into account. Note 
that this distance is negligibly greater. 


Exercise: 


Problem: 


Suppose a bat uses sound echoes to locate its insect prey, 3.00 m away. 
(See [link].) (a) Calculate the echo times for temperatures of 5.00°C 
and 35.0°C. (b) What percent uncertainty does this cause for the bat in 
locating the insect? (c) Discuss the significance of this uncertainty and 
whether it could cause difficulties for the bat. (In practice, the bat 
continues to use sound as it closes in, eliminating most of any 
difficulties imposed by this and other effects, such as motion of the 


prey.) 

Solution: 

(a) 18.0 ms, 17.1 ms 
(b) 5.00% 


(c) This uncertainty could definitely cause difficulties for the bat, if it 
didn’t continue to use sound as it closed in on its prey. A 5% 
uncertainty could be the difference between catching the prey around 
the neck or around the chest, which means that it could miss grabbing 
its prey. 


Glossary 


pitch 
the perception of the frequency of a sound 


Doppler Effect and Sonic Booms 


¢ Define Doppler effect, Doppler shift, and sonic boom. 

¢ Calculate the frequency of a sound heard by someone observing 
Doppler shift. 

e Describe the sounds produced by objects moving faster than the speed 
of sound. 


The characteristic sound of a motorcycle buzzing by is an example of the 
Doppler effect. The high-pitch scream shifts dramatically to a lower-pitch 
roar as the motorcycle passes by a stationary observer. The closer the 
motorcycle brushes by, the more abrupt the shift. The faster the motorcycle 
moves, the greater the shift. We also hear this characteristic shift in 
frequency for passing race cars, airplanes, and trains. It is so familiar that it 
is used to imply motion and children often mimic it in play. 


The Doppler effect is an alteration in the observed frequency of a sound due 
to motion of either the source or the observer. Although less familiar, this 
effect is easily noticed for a stationary source and moving observer. For 
example, if you ride a train past a stationary warning bell, you will hear the 
bell’s frequency shift from high to low as you pass by. The actual change in 
frequency due to relative motion of source and observer is called a Doppler 
shift. The Doppler effect and Doppler shift are named for the Austrian 
physicist and mathematician Christian Johann Doppler (1803-1853), who 
did experiments with both moving sources and moving observers. Doppler, 
for example, had musicians play on a moving open train car and also play 
standing next to the train tracks as a train passed by. Their music was 
observed both on and off the train, and changes in frequency were 
measured. 


What causes the Doppler shift? [link], [link], and [link] compare sound 
waves emitted by stationary and moving sources in a stationary air mass. 
Each disturbance spreads out spherically from the point where the sound 
was emitted. If the source is stationary, then all of the spheres representing 
the air compressions in the sound wave centered on the same point, and the 
stationary observers on either side see the same wavelength and frequency 
as emitted by the source, as in [link]. If the source is moving, as in [link], 
then the situation is different. Each compression of the air moves out in a 


sphere from the point where it was emitted, but the point of emission 
moves. This moving emission point causes the air compressions to be closer 
together on one side and farther apart on the other. Thus, the wavelength is 
shorter in the direction the source is moving (on the right in [link]), and 
longer in the opposite direction (on the left in [link]). Finally, if the 
observers move, as in [link], the frequency at which they receive the 
compressions changes. The observer moving toward the source receives 
them at a higher frequency, and the person moving away from the source 
receives them at a lower frequency. 


Sounds emitted by a 
source spread out in 
spherical waves. Because 
the source, observers, and 
air are stationary, the 
wavelength and 
frequency are the same in 
all directions and to all 
observers. 
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Sounds emitted by a 


source moving to the 
right spread out from the 
points at which they were 
emitted. The wavelength 
is reduced and, 
consequently, the 
frequency is increased in 
the direction of motion, 
so that the observer on 
the right hears a higher- 
pitch sound. The opposite 
is true for the observer on 
the left, where the 
wavelength is increased 
and the frequency is 
reduced. 


The same effect is 
produced when the 
observers move relative 
to the source. Motion 
toward the source 
increases frequency as the 
observer on the right 
passes through more 
wave crests than she 
would if stationary. 
Motion away from the 


source decreases 
frequency as the observer 
on the left passes through 
fewer wave crests than he 
would if stationary. 


We know that wavelength and frequency are related by vw = fA, where vw 
is the fixed speed of sound. The sound moves in a medium and has the 
same speed Uy in that medium whether the source is moving or not. Thus f 
multiplied by A is a constant. Because the observer on the right in [link] 
receives a shorter wavelength, the frequency she receives must be higher. 
Similarly, the observer on the left receives a longer wavelength, and hence 
he hears a lower frequency. The same thing happens in [link]. A higher 
frequency is received by the observer moving toward the source, and a 
lower frequency is received by an observer moving away from the source. 
In general, then, relative motion of source and observer toward one another 
increases the received frequency. Relative motion apart decreases 
frequency. The greater the relative speed is, the greater the effect. 


Note: 

The Doppler Effect 

The Doppler effect occurs not only for sound but for any wave when there 
is relative motion between the observer and the source. There are Doppler 
shifts in the frequency of sound, light, and water waves, for example. 
Doppler shifts can be used to determine velocity, such as when ultrasound 
is reflected from blood in a medical diagnostic. The recession of galaxies is 
determined by the shift in the frequencies of light received from them and 
has implied much about the origins of the universe. Modern physics has 
been profoundly affected by observations of Doppler shifts. 


Note: 


Watch Physics: Introduction to the Doppler Effect 
This video introduces and explains the Doppler Effect. 
https://www.openstaxcollege.org/l/02dopeeffect 


For a stationary observer and a moving source, the frequency fp, received 
by the observer can be shown to be 
Equation: 


Uw 
fobs = 4(—=— ), 


where f; is the frequency of the source, uv, is the speed of the source along a 
line joining the source and observer, and v,, is the speed of sound. The 
minus sign is used for motion toward the observer and the plus sign for 
motion away from the observer, producing the appropriate shifts up and 
down in frequency. Note that the greater the speed of the source, the greater 
the effect. Similarly, for a stationary source and moving observer, the 
frequency received by the observer fobs is given by 

Equation: 


Vg SE UE 
Toms = 4( =="), 


w 


where Uobs is the speed of the observer along a line joining the source and 
observer. Here the plus sign is for motion toward the source, and the minus 
is for motion away from the source. 


Note: 

Watch Physics: Doppler Effect Formula for Observed Frequency 
This video explains how to derive the formula for how the perceived 
frequency of a sound changes when its source is moving toward you. 
https://www.openstaxcollege.org/l/02dopeformula 


Note: 

Watch Physics: Doppler Effect Formula when Source is Moving Away 
This video explains how the Doppler Effect formula differs when the 
source is moving away. 
https://www.openstaxcollege.org/l/O2dopemoveaway. 


Example: 

Calculate Doppler Shift: A Train Horn 

Suppose a train that has a 150-Hz horn is moving at 35.0 m/s in still air on 
a day when the speed of sound is 340 m/s. 

(a) What frequencies are observed by a stationary person at the side of the 
tracks as the train approaches and after it passes? 

(b) What frequency is observed by the train’s engineer traveling on the 
train? 

Strategy 


oe ) , must be used 


Una=Us 


To find the observed frequency in (a), fobs = fa 


because the source is moving. The minus sign is used for the approaching 
train, and the plus sign for the receding train. In (b), there are two Doppler 
shifts—one for a moving source and the other for a moving observer. 
Solution for (a) 


(1) Enter known values into fops = fa ae ) : 


Equation: 


af te ee 
Jobs = (= = =) ey #) (sa m/s — 35.0 a 


(2) Calculate the frequency observed by a stationary person as the train 
approaches. 
Equation: 


fobs = (150 Hz)(1.11) = 167 Hz 


(3) Use the same equation with the plus sign to find the frequency heard by 
a Stationary person as the train recedes. 


Equation: 


De hee paeoe UN SEES 
fam = {=| i  — 


(4) Calculate the second frequency. 
Equation: 


fobs = (150 Hz)(0.907) = 136 Hz 


Discussion on (a) 

The numbers calculated are valid when the train is far enough away that 
the motion is nearly along the line joining train and observer. In both cases, 
the shift is significant and easily noticed. Note that the shift is 17.0 Hz for 
motion toward and 14.0 Hz for motion away. The shifts are not symmetric. 
Solution for (b) 

(1) Identify knowns: 


e It seems reasonable that the engineer would receive the same 
frequency as emitted by the hom, because the relative velocity 
between them is zero. 

e Relative to the medium (air), the speeds are vs = Vobs = 35.0 m/s. 

e The first Doppler shift is for the moving observer; the second is for 
the moving source. 


(2) Use the following equation: 


Equation: 
Versa ue 
iG= ( =) ). 
Oke (Oe aE OS 


The quantity in the square brackets is the Doppler-shifted frequency due to 
a moving observer. The factor on the right is the effect of the moving 
source. 

(3) Because the train engineer is moving in the direction toward the horn, 
we must use the plus sign for vpps; however, because the horn is also 
moving in the direction away from the engineer, we also use the plus sign 


for vs. But the train is carrying both the engineer and the horn at the same 
velocity, SO Us = Vobs. AS a result, everything but f, cancels, yielding 
Equation: 


fovs= fs. 


Discussion for (b) 

We may expect that there is no change in frequency when source and 
observer move together because it fits your experience. For example, there 
is no Doppler shift in the frequency of conversations between driver and 
passenger on a motorcycle. People talking when a wind moves the air 
between them also observe no Doppler shift in their conversation. The 
crucial point is that source and observer are not moving relative to each 
other. 


Sonic Booms to Bow Wakes 


What happens to the sound produced by a moving source, such as a jet 
airplane, that approaches or even exceeds the speed of sound? The answer 
to this question applies not only to sound but to all other waves as well. 


Suppose a jet airplane is coming nearly straight at you, emitting a sound of 
frequency f,. The greater the plane’s speed v., the greater the Doppler shift 
and the greater the value observed for fop,. Now, as vs approaches the speed 
of sound, fobs approaches infinity, because the denominator in 


i fa Ow - ) approaches zero. At the speed of sound, this result 


Uw =E Us 


means that in front of the source, each successive wave is superimposed on 
the previous one because the source moves forward at the speed of sound. 
The observer gets them all at the same instant, and so the frequency is 
infinite. (Before airplanes exceeded the speed of sound, some people argued 
it would be impossible because such constructive superposition would 
produce pressures great enough to destroy the airplane.) If the source 
exceeds the speed of sound, no sound is received by the observer until the 
source has passed, so that the sounds from the approaching source are 


mixed with those from it when receding. This mixing appears messy, but 
something interesting happens—a sonic boom is created. (See [link].) 


Sound waves from 


a source that moves 
faster than the 
speed of sound 

spread spherically 
from the point 
where they are 
emitted, but the 
source moves 
ahead of each. 
Constructive 
interference along 
the lines shown 
(actually a cone in 
three dimensions) 
creates a shock 
wave Called a sonic 
boom. The faster 
the speed of the 
source, the smaller 
the angle 0. 


There is constructive interference along the lines shown (a cone in three 
dimensions) from similar sound waves arriving there simultaneously. This 


superposition forms a disturbance called a sonic boom, a constructive 
interference of sound created by an object moving faster than sound. Inside 
the cone, the interference is mostly destructive, and so the sound intensity 
there is much less than on the shock wave. An aircraft creates two sonic 
booms, one from its nose and one from its tail. (See [link].) During 
television coverage of space shuttle landings, two distinct booms could 
often be heard. These were separated by exactly the time it would take the 
shuttle to pass by a point. Observers on the ground often do not see the 
aircraft creating the sonic boom, because it has passed by before the shock 
wave reaches them, as seen in [link]. If the aircraft flies close by at low 
altitude, pressures in the sonic boom can be destructive and break windows 
as well as rattle nerves. Because of how destructive sonic booms can be, 
supersonic flights are banned over populated areas of the United States. 


Two sonic booms, 
created by the nose 
and tail of an 
aircraft, are 
observed on the 
ground after the 
plane has passed 
by. 


Sonic booms are one example of a broader phenomenon called bow wakes. 
A bow wake, such as the one in [link], is created when the wave source 
moves faster than the wave propagation speed. Water waves spread out in 
circles from the point where created, and the bow wake is the familiar V- 
shaped wake trailing the source. A more exotic bow wake is created when a 
subatomic particle travels through a medium faster than the speed of light 
travels in that medium. (In a vacuum, the maximum speed of light will be 

c = 3.00 x 10° m /s; in the medium of water, the speed of light is closer to 
0.75c. If the particle creates light in its passage, that light spreads on a cone 
with an angle indicative of the speed of the particle, as illustrated in [link]. 
Such a bow wake is called Cerenkov radiation and is commonly observed 
in particle physics. 


Bow wake created 
by a duck. 
Constructive 
interference 
produces the rather 
structured wake, 
while there is 
relatively little 
wave action inside 
the wake, where 
interference is 
mostly destructive. 
(credit: Horia 
Varlan, Flickr) 


The blue glow in 
this research 
reactor pool is 
Cerenkov radiation 
caused by 
subatomic particles 
traveling faster than 
the speed of light in 
water. (credit: U.S. 
Nuclear Regulatory 
Commission) 


Doppler shifts and sonic booms are interesting sound phenomena that occur 
in all types of waves. They can be of considerable use. For example, the 
Doppler shift in ultrasound can be used to measure blood velocity, while 
police use the Doppler shift in radar (a microwave) to measure car 
velocities. In meteorology, the Doppler shift is used to track the motion of 
storm clouds; such “Doppler Radar” can give velocity and direction and 
rain or snow potential of imposing weather fronts. In astronomy, we can 
examine the light emitted from distant galaxies and determine their speed 


relative to ours. As galaxies move away from us, their light is shifted to a 
lower frequency, and so to a longer wavelength—the so-called red shift. 
Such information from galaxies far, far away has allowed us to estimate the 
age of the universe (from the Big Bang) as about 14 billion years. 
Exercise: 

Check Your Understanding 


Problem: 


Why did scientist Christian Doppler observe musicians both on a 
moving train and also from a stationary point not on the train? 


Solution: 


Doppler needed to compare the perception of sound when the observer 
is stationary and the sound source moves, as well as when the sound 
source and the observer are both in motion. 


Exercise: 
Check Your Understanding 


Problem: 


Describe a situation in your life when you might rely on the Doppler 
shift to help you either while driving a car or walking near traffic. 


Solution: 


If I am driving and I hear Doppler shift in an ambulance siren, I would 
be able to tell when it was getting closer and also if it has passed by. 
This would help me to know whether I needed to pull over and let the 
ambulance through. 


Section Summary 
e The Doppler effect is an alteration in the observed frequency of a 


sound due to motion of either the source or the observer. 
e The actual change in frequency is called the Doppler shift. 


e A sonic boom is constructive interference of sound created by an 
object moving faster than sound. 

e A sonic boom is a type of bow wake created when any wave source 
moves faster than the wave propagation speed. 

e For a stationary observer and a moving source, the observed frequency 
fobs is: 
Equation: 


Uw 
Toba — 4(—=— ), 


where f, is the frequency of the source, v, is the speed of the source, 
and Uy is the speed of sound. The minus sign is used for motion 
toward the observer and the plus sign for motion away. 

e For a stationary source and moving observer, the observed frequency 
is: 
Equation: 


Vet De, 
ae = (==), 


Uw 


where Uops is the speed of the observer. 


Conceptual Questions 


Exercise: 


Problem: Is the Doppler shift real or just a sensory illusion? 
Exercise: 


Problem: 


Due to efficiency considerations related to its bow wake, the 
supersonic transport aircraft must maintain a cruising speed that is a 
constant ratio to the speed of sound (a constant Mach number). If the 
aircraft flies from warm air into colder air, should it increase or 
decrease its speed? Explain your answer. 


Exercise: 
Problem: 


When you hear a sonic boom, you often cannot see the plane that made 
it. Why is that? 


Problems & Exercises 


Exercise: 
Problem: 
(a) What frequency is received by a person watching an oncoming 
ambulance moving at 110 km/h and emitting a steady 800-Hz sound 


from its siren? The speed of sound on this day is 345 m/s. (b) What 
frequency does she receive after the ambulance has passed? 


Solution: 
(a) 878 Hz 


(b) 735 Hz 

Exercise: 
Problem: 
(a) At an air show a jet flies directly toward the stands at a speed of 
1200 km/h, emitting a frequency of 3500 Hz, on a day when the speed 
of sound is 342 m/s. What frequency is received by the observers? (b) 


What frequency do they receive as the plane flies directly away from 
them? 


Exercise: 


Problem: 


What frequency is received by a mouse just before being dispatched by 
a hawk flying at it at 25.0 m/s and emitting a screech of frequency 
3500 Hz? Take the speed of sound to be 331 m/s. 


Solution: 
Equation: 


3.79 x 10° Hz 


Exercise: 
Problem: 
A spectator at a parade receives an 888-Hz tone from an oncoming 


trumpeter who is playing an 880-Hz note. At what speed is the 
musician approaching if the speed of sound is 338 m/s? 


Exercise: 


Problem: 


A commuter train blows its 200-Hz horn as it approaches a crossing. 
The speed of sound is 335 m/s. (a) An observer waiting at the crossing 
receives a frequency of 208 Hz. What is the speed of the train? (b) 
What frequency does the observer receive as the train moves away? 


Solution: 
(a) 12.9 m/s 


(b) 193 Hz 


Exercise: 


Problem: 


Can you perceive the shift in frequency produced when you pull a 
tuning fork toward you at 10.0 m/s on a day when the speed of sound 
is 344 m/s? To answer this question, calculate the factor by which the 
frequency shifts and see if it is greater than 0.300%. 


Exercise: 
Problem: 
Two eagles fly directly toward one another, the first at 15.0 m/s and the 
second at 20.0 m/s. Both screech, the first one emitting a frequency of 


3200 Hz and the second one emitting a frequency of 3800 Hz. What 
frequencies do they receive if the speed of sound is 330 m/s? 


Solution: 
First eagle hears 4.23 x 10° Hz 


Second eagle hears 3.56 x 10° Hz 
Exercise: 
Problem: 
What is the minimum speed at which a source must travel toward you 
for you to be able to hear that its frequency is Doppler shifted? That is, 


what speed produces a shift of 0.300% on a day when the speed of 
sound is 331 m/s? 


Glossary 


Doppler effect 
an alteration in the observed frequency of a sound due to motion of 
either the source or the observer 


Doppler shift 


the actual change in frequency due to relative motion of source and 
observer 


sonic boom 
a constructive interference of sound created by an object moving faster 
than sound 


bow wake 
V-shaped disturbance created when the wave source moves faster than 
the wave propagation speed 


Sound Interference and Resonance: Standing Waves in Air Columns 


e Define antinode, node, fundamental, overtones, and harmonics. 

e Identify instances of sound interference in everyday situations. 

e Describe how sound interference occurring inside open and closed 
tubes changes the characteristics of the sound, and how this applies to 
sounds produced by musical instruments. 

e Calculate the length of a tube using sound wave measurements. 


Some types 
of 
headphones 
use the 
phenomena 
of 


constructiv 
e and 
destructive 
interference 
to cancel 
out outside 
noises. 
(credit: 
JVC 
America, 
Flickr) 


Interference is the hallmark of waves, all of which exhibit constructive and 
destructive interference exactly analogous to that seen for water waves. In 
fact, one way to prove something “is a wave” is to observe interference 
effects. So, sound being a wave, we expect it to exhibit interference; we 
have already mentioned a few such effects, such as the beats from two 
similar notes played simultaneously. 


[link] shows a clever use of sound interference to cancel noise. Larger-scale 
applications of active noise reduction by destructive interference are 
contemplated for entire passenger compartments in commercial aircraft. To 
obtain destructive interference, a fast electronic analysis is performed, and a 
second sound is introduced with its maxima and minima exactly reversed 
from the incoming noise. Sound waves in fluids are pressure waves and 
consistent with Pascal’s principle; pressures from two different sources add 
and subtract like simple numbers; that is, positive and negative gauge 
pressures add to a much smaller pressure, producing a lower-intensity 
sound. Although completely destructive interference is possible only under 
the simplest conditions, it is possible to reduce noise levels by 30 dB or 
more using this technique. 


: Boom and cable 
Noise sensor 


Noise 
Cancellation | Driver 
System 

Pressure servo 


Cushions 


Boom mic 
with low distortion housing 


Headphones designed to cancel noise 
with destructive interference create a 
sound wave exactly opposite to the 
incoming sound. These headphones 
can be more effective than the simple 
passive attenuation used in most ear 
protection. Such headphones were 


used on the record-setting, around the 
world nonstop flight of the Voyager 
aircraft to protect the pilots’ hearing 
from engine noise. 


Where else can we observe sound interference? All sound resonances, such 
as in musical instruments, are due to constructive and destructive 
interference. Only the resonant frequencies interfere constructively to form 
standing waves, while others interfere destructively and are absent. From 
the toot made by blowing over a bottle, to the characteristic flavor of a 
violin’s sounding box, to the recognizability of a great singer’s voice, 
resonance and standing waves play a vital role. 


Note: 

Interference 

Interference is such a fundamental aspect of waves that observing 
interference is proof that something is a wave. The wave nature of light 
was established by experiments showing interference. Similarly, when 
electrons scattered from crystals exhibited interference, their wave nature 
was confirmed to be exactly as predicted by symmetry with certain wave 
characteristics of light. 


Suppose we hold a tuning fork near the end of a tube that is closed at the 
other end, as shown in [Link], [link], [link], and [link]. If the tuning fork has 
just the right frequency, the air column in the tube resonates loudly, but at 
most frequencies it vibrates very little. This observation just means that the 
air column has only certain natural frequencies. The figures show how a 
resonance at the lowest of these natural frequencies is formed. A 
disturbance travels down the tube at the speed of sound and bounces off the 
closed end. If the tube is just the right length, the reflected sound arrives 
back at the tuning fork exactly half a cycle later, and it interferes 


constructively with the continuing sound produced by the tuning fork. The 
incoming and reflected sounds form a standing wave in the tube as shown. 


my 


Resonance of air in a tube 
closed at one end, caused 
by a tuning fork. A 
disturbance moves down 
the tube. 


Resonance of air in a tube 
closed at one end, caused 
by a tuning fork. The 
disturbance reflects from 
the closed end of the tube. 


Resonance of air in a tube 
closed at one end, caused 
by a tuning fork. If the 
length of the tube L is 
just right, the disturbance 
gets back to the tuning 
fork half a cycle later and 
interferes constructively 
with the continuing sound 
from the tuning fork. This 
interference forms a 
standing wave, and the air 
column resonates. 


Resonance of air in a tube 
closed at one end, caused 
by a tuning fork. A graph 
of air displacement along 
the length of the tube 
shows none at the closed 


end, where the motion is 
constrained, and a 
maximum at the open 
end. This standing wave 
has one-fourth of its 
wavelength in the tube, so 
that A = 4L. 


The standing wave formed in the tube has its maximum air displacement 
(an antinode) at the open end, where motion is unconstrained, and no 
displacement (a node) at the closed end, where air movement is halted. The 
distance from a node to an antinode is one-fourth of a wavelength, and this 
equals the length of the tube; thus, A = 4. This same resonance can be 
produced by a vibration introduced at or near the closed end of the tube, as 
shown in [link]. It is best to consider this a natural vibration of the air 
column independently of how it is induced. 


The same standing wave is created in 
the tube by a vibration introduced near 
its closed end. 


Given that maximum air displacements are possible at the open end and 
none at the closed end, there are other, shorter wavelengths that can 
resonate in the tube, such as the one shown in [link]. Here the standing 
wave has three-fourths of its wavelength in the tube, or L = (3/4), so 
that \/= 40/3. Continuing this process reveals a whole series of shorter- 
wavelength and higher-frequency sounds that resonate in the tube. We use 
specific terms for the resonances in any system. The lowest resonant 
frequency is called the fundamental, while all higher resonant frequencies 
are called overtones. All resonant frequencies are integral multiples of the 
fundamental, and they are collectively called harmonics. The fundamental 
is the first harmonic, the first overtone is the second harmonic, and so on. 
[link] shows the fundamental and the first three overtones (the first four 
harmonics) in a tube closed at one end. 


Another resonance 
for a tube closed at 
one end. This has 
maximum air 
displacements at 
the open end, and 
none at the closed 
end. The 
wavelength is 
shorter, with three- 
fourths A/ equaling 
the length of the 
tube, so that 
Al= 41/3. This 
higher-frequency 
vibration is the first 
overtone. 
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The fundamental and three lowest overtones for a tube closed 
at one end. All have maximum air displacements at the open 
end and none at the closed end. 


The fundamental and overtones can be present simultaneously in a variety 
of combinations. For example, middle C on a trumpet has a sound 
distinctively different from middle C on a clarinet, both instruments being 
modified versions of a tube closed at one end. The fundamental frequency 
is the same (and usually the most intense), but the overtones and their mix 
of intensities are different and subject to shading by the musician. This mix 
is what gives various musical instruments (and human voices) their 
distinctive characteristics, whether they have air columns, strings, sounding 
boxes, or drumheads. In fact, much of our speech is determined by shaping 
the cavity formed by the throat and mouth and positioning the tongue to 
adjust the fundamental and combination of overtones. Simple resonant 
cavities can be made to resonate with the sound of the vowels, for example. 
(See [link].) In boys, at puberty, the larynx grows and the shape of the 
resonant cavity changes giving rise to the difference in predominant 
frequencies in speech between men and women. 


The throat and mouth form an air column closed at 
one end that resonates in response to vibrations in 
the voice box. The spectrum of overtones and their 
intensities vary with mouth shaping and tongue 
position to form different sounds. The voice box 
can be replaced with a mechanical vibrator, and 
understandable speech is still possible. Variations 
in basic shapes make different voices 
recognizable. 


Now let us look for a pattern in the resonant frequencies for a simple tube 
that is closed at one end. The fundamental has A = 40, and frequency is 
related to wavelength and the speed of sound as given by: 

Equation: 


t= TA; 


Solving for f in this equation gives 
Equation: 


Uw Uw 


an eae 


where Uy is the speed of sound in air. Similarly, the first overtone has 
Al= 41/3 (see [link]), so that 
Equation: 


Uw 


Because f/= 3f, we call the first overtone the third harmonic. Continuing 
this process, we see a pattern that can be generalized in a single expression. 
The resonant frequencies of a tube closed at one end are 

Equation: 


where fy; is the fundamental, f3 is the first overtone, and so on. It is 
interesting that the resonant frequencies depend on the speed of sound and, 
hence, on temperature. This dependence poses a noticeable problem for 
organs in old unheated cathedrals, and it is also the reason why musicians 
commonly bring their wind instruments to room temperature before playing 
them. 


Example: 

Find the Length of a Tube with a 128 Hz Fundamental 

(a) What length should a tube closed at one end have on a day when the air 
temperature, is 22.0°C, if its fundamental frequency is to be 128 Hz (C 
below middle C)? 

(b) What is the frequency of its fourth overtone? 

Strategy 

The length LZ can be found from the relationship in f, = n 7, but we will 
first need to find the speed of sound vy. 

Solution for (a) 

(1) Identify knowns: 


e the fundamental frequency is 128 Hz 
e the air temperature is 22.0°C 


(2) Use f, = ea to find the fundamental frequency (n = 1). 
Equation: 


ee 
t= aR 
(3) Solve this equation for length. 
Equation: 
Uw 


= 
4 fi 


(4) Find the speed of sound using vy = (331 m/s)4/ a3, - 
Equation: 


295 K 
Uw = (331 m/s)y/ 25% = 344 m/s 


(5) Enter the values of the speed of sound and frequency into the 
expression for L. 
Equation: 


44 
ee TA _344 m/s ~ 0.672m 
4f,  4(128 Hz) 


Discussion on (a) 

Many wind instruments are modified tubes that have finger holes, valves, 
and other devices for changing the length of the resonating air column and 
hence, the frequency of the note played. Horns producing very low 
frequencies, such as tubas, require tubes so long that they are coiled into 
loops. 

Solution for (b) 

(1) Identify knowns: 


e the first overtone has n = 3 
e the second overtone has n = 5 
e the third overtone has n = 7 
e the fourth overtone has n = 9 


(2) Enter the value for the fourth overtone into f, = nq. 
Equation: 


fo Ys Of, = 1.15 kHz 


Discussion on (b) 
Whether this overtone occurs in a simple tube or a musical instrument 
depends on how it is stimulated to vibrate and the details of its shape. The 


trombone, for example, does not produce its fundamental frequency and 
only makes overtones. 


Another type of tube is one that is open at both ends. Examples are some 
organ pipes, flutes, and oboes. The resonances of tubes open at both ends 
can be analyzed in a very similar fashion to those for tubes closed at one 
end. The air columns in tubes open at both ends have maximum air 
displacements at both ends, as illustrated in [link]. Standing waves form as 
shown. 
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The resonant frequencies of a tube open at both ends are shown, 
including the fundamental and the first three overtones. In all cases 
the maximum air displacements occur at both ends of the tube, giving 
it different natural frequencies than a tube closed at one end. 


Based on the fact that a tube open at both ends has maximum air 
displacements at both ends, and using [link] as a guide, we can see that the 
resonant frequencies of a tube open at both ends are: 

Equation: 


where fy; is the fundamental, fg is the first overtone, f3 is the second 
overtone, and so on. Note that a tube open at both ends has a fundamental 
frequency twice what it would have if closed at one end. It also has a 
different spectrum of overtones than a tube closed at one end. So if you had 


two tubes with the same fundamental frequency but one was open at both 
ends and the other was closed at one end, they would sound different when 
played because they have different overtones. Middle C, for example, 
would sound richer played on an open tube, because it has even multiples of 
the fundamental as well as odd. A closed tube has only odd multiples. 


Note: 

Real-World Applications: Resonance in Everyday Systems 

Resonance occurs in many different systems, including strings, air 
columns, and atoms. Resonance is the driven or forced oscillation of a 
system at its natural frequency. At resonance, energy is transferred rapidly 
to the oscillating system, and the amplitude of its oscillations grows until 
the system can no longer be described by Hooke’s law. An example of this 
is the distorted sound intentionally produced in certain types of rock music. 


Wind instruments use resonance in air columns to amplify tones made by 
lips or vibrating reeds. Other instruments also use air resonance in clever 
ways to amplify sound. [link] shows a violin and a guitar, both of which 
have sounding boxes but with different shapes, resulting in different 
overtone structures. The vibrating string creates a sound that resonates in 
the sounding box, greatly amplifying the sound and creating overtones that 
give the instrument its characteristic flavor. The more complex the shape of 
the sounding box, the greater its ability to resonate over a wide range of 
frequencies. The marimba, like the one shown in [link] uses pots or gourds 
below the wooden slats to amplify their tones. The resonance of the pot can 
be adjusted by adding water. 


String instruments such 
as violins and guitars use 
resonance in their 
sounding boxes to 
amplify and enrich the 
sound created by their 
vibrating strings. The 
bridge and supports 
couple the string 
vibrations to the sounding 
boxes and air within. 
(credits: guitar, Feliciano 
Guimares, Fotopedia; 
violin, Steve Snodgrass, 
Flickr) 


Resonance has been used in 
musical instruments since 
prehistoric times. This marimba 
uses gourds as resonance 
chambers to amplify its sound. 
(credit: APC Events, Flickr) 


We have emphasized sound applications in our discussions of resonance 
and standing waves, but these ideas apply to any system that has wave 
characteristics. Vibrating strings, for example, are actually resonating and 
have fundamentals and overtones similar to those for air columns. More 
subtle are the resonances in atoms due to the wave character of their 
electrons. Their orbitals can be viewed as standing waves, which have a 
fundamental (ground state) and overtones (excited states). It is fascinating 
that wave characteristics apply to such a wide range of physical systems. 
Exercise: 

Check Your Understanding 


Problem: 


Describe how noise-canceling headphones differ from standard 
headphones used to block outside sounds. 


Solution: 


Regular headphones only block sound waves with a physical barrier. 
Noise-canceling headphones use destructive interference to reduce the 
loudness of outside sounds. 


Exercise: 
Check Your Understanding 


Problem: 


How is it possible to use a standing wave's node and antinode to 
determine the length of a closed-end tube? 


Solution: 


When the tube resonates at its natural frequency, the wave's node is 
located at the closed end of the tube, and the antinode is located at the 
open end. The length of the tube is equal to one-fourth of the 
wavelength of this wave. Thus, if we know the wavelength of the 
wave, we can determine the length of the tube. 


Note: 

PhET Explorations: Sound 

This simulation lets you see sound waves. Adjust the frequency or volume 
and you can see and hear how the wave changes. Move the listener around 
and hear what she hears. 
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Section Summary 


e Sound interference and resonance have the same properties as defined 
for all waves. 

e In air columns, the lowest-frequency resonance is called the 
fundamental, whereas all higher resonant frequencies are called 
overtones. Collectively, they are called harmonics. 

e The resonant frequencies of a tube closed at one end are: 
Equation: 

Vv 
= re (oe ee ee 
fy is the fundamental and L is the length of the tube. 

e The resonant frequencies of a tube open at both ends are: 

Equation: 


pS ato SB . 
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Conceptual Questions 


Exercise: 
Problem: 
How does an unamplified guitar produce sounds so much more intense 
than those of a plucked string held taut by a simple stick? 
Exercise: 
Problem: 
You are given two wind instruments of identical length. One is open at 


both ends, whereas the other is closed at one end. Which is able to 
produce the lowest frequency? 


Exercise: 


Problem: 


What is the difference between an overtone and a harmonic? Are all 
harmonics overtones? Are all overtones harmonics? 


Problems & Exercises 


Exercise: 
Problem: 
A “showy” custom-built car has two brass horns that are supposed to 


produce the same frequency but actually emit 263.8 and 264.5 Hz. 
What beat frequency is produced? 


Solution: 


0.7 Hz 
Exercise: 
Problem: 
What beat frequencies will be present: (a) If the musical notes A and C 
are played together (frequencies of 220 and 264 Hz)? (b) If D and F 


are played together (frequencies of 297 and 352 Hz)? (c) If all four are 
played together? 


Exercise: 


Problem: 


What beat frequencies result if a piano hammer hits three strings that 
emit frequencies of 127.8, 128.1, and 128.3 Hz? 


Solution: 


0.3 Hz, 0.2 Hz, 0.5 Hz 


Exercise: 


Problem: 


A piano tuner hears a beat every 2.00 s when listening to a 264.0-Hz 
tuning fork and a single piano string. What are the two possible 
frequencies of the string? 


Exercise: 
Problem: 
(a) What is the fundamental frequency of a 0.672-m-long tube, open at 


both ends, on a day when the speed of sound is 344 m/s? (b) What is 
the frequency of its second harmonic? 


Solution: 
(a) 256 Hz 


(b) 512 Hz 
Exercise: 
Problem: 
If a wind instrument, such as a tuba, has a fundamental frequency of 
32.0 Hz, what are its first three overtones? It is closed at one end. (The 


overtones of a real tuba are more complex than this example, because 
it is a tapered tube.) 


Exercise: 
Problem: 
What are the first three overtones of a bassoon that has a fundamental 
frequency of 90.0 Hz? It is open at both ends. (The overtones of a real 


bassoon are more complex than this example, because its double reed 
makes it act more like a tube closed at one end.) 


Solution: 


180 Hz, 270 Hz, 360 Hz 


Exercise: 
Problem: 
How long must a flute be in order to have a fundamental frequency of 
262 Hz (this frequency corresponds to middle C on the evenly 


tempered chromatic scale) on a day when air temperature is 20.0°C? It 
is open at both ends. 


Exercise: 
Problem: 
What length should an oboe have to produce a fundamental frequency 


of 110 Hz on a day when the speed of sound is 343 m/s? It is open at 
both ends. 


Solution: 


1.56 m 
Exercise: 


Problem: 


What is the length of a tube that has a fundamental frequency of 176 
Hz and a first overtone of 352 Hz if the speed of sound is 343 m/s? 


Exercise: 
Problem: 
(a) Find the length of an organ pipe closed at one end that produces a 
fundamental frequency of 256 Hz when air temperature is 18.0°C. (b) 
What is its fundamental frequency at 25.0°C? 
Solution: 


(a) 0.334 m 


(b) 259 Hz 


Exercise: 
Problem: 
By what fraction will the frequencies produced by a wind instrument 


change when air temperature goes from 10.0°C to 30.0°C? That is, 
find the ratio of the frequencies at those temperatures. 


Exercise: 
Problem: 
The ear canal resonates like a tube closed at one end. (See [link].) If 
ear canals range in length from 1.80 to 2.60 cm in an average 
population, what is the range of fundamental resonant frequencies? 
Take air temperature to be 37.0°C, which is the same as body 


temperature. How does this result correlate with the intensity versus 
frequency graph ([link]) of the human ear? 


Solution: 


3.39 to 4.90 kHz 

Exercise: 
Problem: 
Calculate the first overtone in an ear canal, which resonates like a 
2.40-cm-long tube closed at one end, by taking air temperature to be 
37.0°C. Is the ear particularly sensitive to such a frequency? (The 


resonances of the ear canal are complicated by its nonuniform shape, 
which we shall ignore.) 


Exercise: 


Problem: 


A crude approximation of voice production is to consider the breathing 
passages and mouth to be a resonating tube closed at one end. (See 
[link].) (a) What is the fundamental frequency if the tube is 0.240-m 
long, by taking air temperature to be 37.0°C? (b) What would this 
frequency become if the person replaced the air with helium? Assume 
the same temperature dependence for helium as for air. 


Solution: 
(a) 367 Hz 


(b) 1.07 kHz 

Exercise: 
Problem: 
(a) Students in a physics lab are asked to find the length of an air 
column in a tube closed at one end that has a fundamental frequency of 
256 Hz. They hold the tube vertically and fill it with water to the top, 
then lower the water while a 256-Hz tuning fork is rung and listen for 
the first resonance. What is the air temperature if the resonance occurs 


for a length of 0.336 m? (b) At what length will they observe the 
second resonance (first overtone)? 


Exercise: 
Problem: 
What frequencies will a 1.80-m-long tube produce in the audible range 
at 20.0°C if: (a) The tube is closed at one end? (b) It is open at both 
ends? 
Solution: 


(4). J = (47,6 Hz), 1; By Byeny 219 


(b) f, = n(95.3 Hz), n = 1, 2, 3,..., 210 


Glossary 


antinode 
point of maximum displacement 


node 
point of zero displacement 


fundamental 
the lowest-frequency resonance 


overtones 
all resonant frequencies higher than the fundamental 


harmonics 
the term used to refer collectively to the fundamental and its overtones 


Hearing 


e Define hearing, pitch, loudness, timbre, note, tone, phon, ultrasound, 
and infrasound. 

e Compare loudness to frequency and intensity of a sound. 

e Identify structures of the inner ear and explain how they relate to 
sound perception. 


Hearing allows this 
vocalist, his band, and his 
fans to enjoy music. 
(credit: West Point Public 
Affairs, Flickr) 


The human ear has a tremendous range and sensitivity. It can give us a 
wealth of simple information—such as pitch, loudness, and direction. And 
from its input we can detect musical quality and nuances of voiced emotion. 
How is our hearing related to the physical qualities of sound, and how does 
the hearing mechanism work? 


Hearing is the perception of sound. (Perception is commonly defined to be 
awareness through the senses, a typically circular definition of higher-level 
processes in living organisms.) Normal human hearing encompasses 
frequencies from 20 to 20,000 Hz, an impressive range. Sounds below 20 
Hz are called infrasound, whereas those above 20,000 Hz are ultrasound. 
Neither is perceived by the ear, although infrasound can sometimes be felt 
as vibrations. When we do hear low-frequency vibrations, such as the 


sounds of a diving board, we hear the individual vibrations only because 
there are higher-frequency sounds in each. Other animals have hearing 
ranges different from that of humans. Dogs can hear sounds as high as 
30,000 Hz, whereas bats and dolphins can hear up to 100,000-Hz sounds. 
You may have noticed that dogs respond to the sound of a dog whistle 
which produces sound out of the range of human hearing. Elephants are 
known to respond to frequencies below 20 Hz. 


The perception of frequency is called pitch. Most of us have excellent 
relative pitch, which means that we can tell whether one sound has a 
different frequency from another. Typically, we can discriminate between 
two sounds if their frequencies differ by 0.3% or more. For example, 500.0 
and 501.5 Hz are noticeably different. Pitch perception is directly related to 
frequency and is not greatly affected by other physical quantities such as 
intensity. Musical notes are particular sounds that can be produced by most 
instruments and in Western music have particular names. Combinations of 
notes constitute music. Some people can identify musical notes, such as A- 
sharp, C, or E-flat, just by listening to them. This uncommon ability is 
called perfect pitch. 


The ear is remarkably sensitive to low-intensity sounds. The lowest audible 
intensity or threshold is about 1071? W/ m/ or 0 dB. Sounds as much as 
10/2 more intense can be briefly tolerated. Very few measuring devices are 
capable of observations over a range of a trillion. The perception of 
intensity is called loudness. At a given frequency, it is possible to discern 
differences of about 1 dB, and a change of 3 dB is easily noticed. But 
loudness is not related to intensity alone. Frequency has a major effect on 
how loud a sound seems. The ear has its maximum sensitivity to 
frequencies in the range of 2000 to 5000 Hz, so that sounds in this range are 
perceived as being louder than, say, those at 500 or 10,000 Hz, even when 
they all have the same intensity. Sounds near the high- and low-frequency 
extremes of the hearing range seem even less loud, because the ear is even 
less sensitive at those frequencies. [link] gives the dependence of certain 
human hearing perceptions on physical quantities. 


Perception Physical quantity 
Pitch Frequency 
Loudness Intensity and Frequency 


Number and relative intensity of multiple 
frequencies. 


Timbre ; 
Subtle craftsmanship leads to non-linear effects and 
more detail. 

Note Basic unit of music with specific names, combined to 
generate tunes 
Number and relative intensity of multiple 

Tone 


frequencies. 


Sound Perceptions 


When a violin plays middle C, there is no mistaking it for a piano playing 
the same note. The reason is that each instrument produces a distinctive set 
of frequencies and intensities. We call our perception of these combinations 
of frequencies and intensities tone quality, or more commonly the timbre 
of the sound. It is more difficult to correlate timbre perception to physical 
quantities than it is for loudness or pitch perception. Timbre is more 
subjective. Terms such as dull, brilliant, warm, cold, pure, and rich are 
employed to describe the timbre of a sound. So the consideration of timbre 
takes us into the realm of perceptual psychology, where higher-level 
processes in the brain are dominant. This is true for other perceptions of 
sound, such as music and noise. We shall not delve further into them; rather, 
we will concentrate on the question of loudness perception. 


A unit called a phon is used to express loudness numerically. Phons differ 
from decibels because the phon is a unit of loudness perception, whereas 
the decibel is a unit of physical intensity. [link] shows the relationship of 
loudness to intensity (or intensity level) and frequency for persons with 
normal hearing. The curved lines are equal-loudness curves. Each curve is 


labeled with its loudness in phons. Any sound along a given curve will be 
perceived as equally loud by the average person. The curves were 
determined by having large numbers of people compare the loudness of 
sounds at different frequencies and sound intensity levels. At a frequency of 
1000 Hz, phons are taken to be numerically equal to decibels. The 
following Ses i aoe how to use the graph: 
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The relationship of loudness in 
phons to intensity level (in 
decibels) and intensity (in watts 
per meter squared) for persons 
with normal hearing. The 
curved lines are equal-loudness 
curves—all sounds on a given 
curve are perceived as equally 
loud. Phons and decibels are 
defined to be the same at 1000 
Hz: 


Example: 

Measuring Loudness: Loudness Versus Intensity Level and Frequency 
(a) What is the loudness in phons of a 100-Hz sound that has an intensity 
level of 80 dB? (b) What is the intensity level in decibels of a 4000-Hz 


sound having a loudness of 70 phons? (c) At what intensity level will an 
8000-Hz sound have the same loudness as a 200-Hz sound at 60 dB? 
Strategy for (a) 

The graph in [link] should be referenced in order to solve this example. To 
find the loudness of a given sound, you must know its frequency and 
intensity level and locate that point on the square grid, then interpolate 
between loudness curves to get the loudness in phons. 

Solution for (a) 

(1) Identify knowns: 


e The square grid of the graph relating phons and decibels is a plot of 
intensity level versus frequency—both physical quantities. 

e 100 Hz at 80 dB lies halfway between the curves marked 70 and 80 
phons. 


(2) Find the loudness: 75 phons. 

Strategy for (b) 

The graph in [link] should be referenced in order to solve this example. To 
find the intensity level of a sound, you must have its frequency and 
loudness. Once that point is located, the intensity level can be determined 
from the vertical axis. 

Solution for (b) 

(1) Identify knowns: 


e Values are given to be 4000 Hz at 70 phons. 


(2) Follow the 70-phon curve until it reaches 4000 Hz. At that point, it is 
below the 70 dB line at about 67 dB. 

(3) Find the intensity level: 

67 dB 

Strategy for (c) 

The graph in [link] should be referenced in order to solve this example. 
Solution for (c) 

(1) Locate the point for a 200 Hz and 60 dB sound. 

(2) Find the loudness: This point lies just slightly above the 50-phon curve, 
and so its loudness is 51 phons. 

(3) Look for the 51-phon level is at 8000 Hz: 63 dB. 

Discussion 


These answers, like all information extracted from [link], have 
uncertainties of several phons or several decibels, partly due to difficulties 
in interpolation, but mostly related to uncertainties in the equal-loudness 
curves. 


Further examination of the graph in [link] reveals some interesting facts 
about human hearing. First, sounds below the 0-phon curve are not 
perceived by most people. So, for example, a 60 Hz sound at 40 dB is 
inaudible. The 0-phon curve represents the threshold of normal hearing. We 
can hear some sounds at intensity levels below 0 dB. For example, a 3-dB, 
5000-Hz sound is audible, because it lies above the 0-phon curve. The 
loudness curves all have dips in them between about 2000 and 5000 Hz. 
These dips mean the ear is most sensitive to frequencies in that range. For 
example, a 15-dB sound at 4000 Hz has a loudness of 20 phons, the same as 
a 20-dB sound at 1000 Hz. The curves rise at both extremes of the 
frequency range, indicating that a greater-intensity level sound is needed at 
those frequencies to be perceived to be as loud as at middle frequencies. For 
example, a sound at 10,000 Hz must have an intensity level of 30 dB to 
seem as loud as a 20 dB sound at 1000 Hz. Sounds above 120 phons are 
painful as well as damaging. 


We do not often utilize our full range of hearing. This is particularly true for 
frequencies above 8000 Hz, which are rare in the environment and are 
unnecessary for understanding conversation or appreciating music. In fact, 
people who have lost the ability to hear such high frequencies are usually 
unaware of their loss until tested. The shaded region in [link] is the 
frequency and intensity region where most conversational sounds fall. The 
curved lines indicate what effect hearing losses of 40 and 60 phons will 
have. A 40-phon hearing loss at all frequencies still allows a person to 
understand conversation, although it will seem very quiet. A person with a 
60-phon loss at all frequencies will hear only the lowest frequencies and 
will not be able to understand speech unless it is much louder than normal. 
Even so, speech may seem indistinct, because higher frequencies are not as 
well perceived. The conversational speech region also has a gender 
component, in that female voices are usually characterized by higher 


frequencies. So the person with a 60-phon hearing impediment might have 
difficulty understanding the normal conversation of a woman. 
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The shaded region represents 
frequencies and intensity levels 
found in normal conversational 

speech. The 0-phon line 
represents the normal hearing 
threshold, while those at 40 and 
60 represent thresholds for 
people with 40- and 60-phon 
hearing losses, respectively. 


Hearing tests are performed over a range of frequencies, usually from 250 
to 8000 Hz, and can be displayed graphically in an audiogram like that in 
[link]. The hearing threshold is measured in dB relative to the normal 
threshold, so that normal hearing registers as 0 dB at all frequencies. 
Hearing loss caused by noise typically shows a dip near the 4000 Hz 
frequency, irrespective of the frequency that caused the loss and often 
affects both ears. The most common form of hearing loss comes with age 
and is called presbycusis—literally elder ear. Such loss is increasingly 


severe at higher frequencies, and interferes with music appreciation and 
speech recognition. 
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Audiograms showing the 
threshold in intensity level 
versus frequency for three 

different individuals. Intensity 
level is measured relative to the 
normal threshold. The top left 
graph is that of a person with 
normal hearing. The graph to its 
right has a dip at 4000 Hz and is 
that of a child who suffered 
hearing loss due to a cap gun. 
The third graph is typical of 
presbycusis, the progressive 
loss of higher frequency hearing 
with age. Tests performed by 
bone conduction (brackets) can 
distinguish nerve damage from 
middle ear damage. 


Note: 

The Hearing Mechanism 

The hearing mechanism involves some interesting physics. The sound 
wave that impinges upon our ear is a pressure wave. The ear is a transducer 
that converts sound waves into electrical nerve impulses in a manner much 
more sophisticated than, but analogous to, a microphone. [link] shows the 
gross anatomy of the ear with its division into three parts: the outer ear or 
ear canal; the middle ear, which runs from the eardrum to the cochlea; and 
the inner ear, which is the cochlea itself. The body part normally referred 
to as the ear is technically called the pinna. 
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The illustration shows the gross 
anatomy of the human ear. 


The outer ear, or ear canal, carries sound to the recessed protected eardrum. 
The air column in the ear canal resonates and is partially responsible for the 
sensitivity of the ear to sounds in the 2000 to 5000 Hz range. The middle 
ear converts sound into mechanical vibrations and applies these vibrations 
to the cochlea. The lever system of the middle ear takes the force exerted on 
the eardrum by sound pressure variations, amplifies it and transmits it to the 


inner ear via the oval window, creating pressure waves in the cochlea 
approximately 40 times greater than those impinging on the eardrum. (See 
[link].) Two muscles in the middle ear (not shown) protect the inner ear 
from very intense sounds. They react to intense sound in a few milliseconds 
and reduce the force transmitted to the cochlea. This protective reaction can 
also be triggered by your own voice, so that humming while shooting a gun, 
for example, can reduce noise damage. 


F,>F,and A,<A, 
— > P,>P,;, 


This schematic shows the 
middle ear’s system for 
converting sound pressure into 
force, increasing that force 
through a lever system, and 
applying the increased force to 
a small area of the cochlea, 
thereby creating a pressure 
about 40 times that in the 
original sound wave. A 
protective muscle reaction to 
intense sounds greatly reduces 
the mechanical advantage of the 
lever system. 


[link] shows the middle and inner ear in greater detail. Pressure waves 
moving through the cochlea cause the tectorial membrane to vibrate, 
rubbing cilia (called hair cells), which stimulate nerves that send electrical 
signals to the brain. The membrane resonates at different positions for 
different frequencies, with high frequencies stimulating nerves at the near 
end and low frequencies at the far end. The complete operation of the 
cochlea is still not understood, but several mechanisms for sending 
information to the brain are known to be involved. For sounds below about 
1000 Hz, the nerves send signals at the same frequency as the sound. For 
frequencies greater than about 1000 Hz, the nerves signal frequency by 
position. There is a structure to the cilia, and there are connections between 
nerve cells that perform signal processing before information is sent to the 
brain. Intensity information is partly indicated by the number of nerve 
signals and by volleys of signals. The brain processes the cochlear nerve 
signals to provide additional information such as source direction (based on 
time and intensity comparisons of sounds from both ears). Higher-level 


processing produces many nuances, such as music appreciation. 
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The inner ear, or cochlea, is a 
coiled tube about 3 mm in 
diameter and 3 cm in length if 
uncoiled. When the oval 
window is forced inward, as 
shown, a pressure wave travels 
through the perilymph in the 
direction of the arrows, 
stimulating nerves at the base of 
cilia in the organ of Corti. 


Hearing losses can occur because of problems in the middle or inner ear. 
Conductive losses in the middle ear can be partially overcome by sending 
sound vibrations to the cochlea through the skull. Hearing aids for this 
purpose usually press against the bone behind the ear, rather than simply 
amplifying the sound sent into the ear canal as many hearing aids do. 
Damage to the nerves in the cochlea is not repairable, but amplification can 
partially compensate. There is a risk that amplification will produce further 
damage. Another common failure in the cochlea is damage or loss of the 
cilia but with nerves remaining functional. Cochlear implants that stimulate 
the nerves directly are now available and widely accepted. Over 100,000 
implants are in use, in about equal numbers of adults and children. 


The cochlear implant was pioneered in Melbourne, Australia, by Graeme 
Clark in the 1970s for his deaf father. The implant consists of three external 
components and two internal components. The external components are a 
microphone for picking up sound and converting it into an electrical signal, 
a speech processor to select certain frequencies and a transmitter to transfer 
the signal to the internal components through electromagnetic induction. 
The internal components consist of a receiver/transmitter secured in the 
bone beneath the skin, which converts the signals into electric impulses and 
sends them through an internal cable to the cochlea and an array of about 24 
electrodes wound through the cochlea. These electrodes in turn send the 
impulses directly into the brain. The electrodes basically emulate the cilia. 
Exercise: 

Check Your Understanding 


Problem: 


Are ultrasound and infrasound imperceptible to all hearing organisms? 
Explain your answer. 


Solution: 


No, the range of perceptible sound is based in the range of human 
hearing. Many other organisms perceive either infrasound or 
ultrasound. 


Section Summary 


e The range of audible frequencies is 20 to 20,000 Hz. 

e Those sounds above 20,000 Hz are ultrasound, whereas those below 
20 Hz are infrasound. 

e The perception of frequency is pitch. 

e The perception of intensity is loudness. 

e Loudness has units of phons. 


Conceptual Questions 


Exercise: 
Problem: 
Why can a hearing test show that your threshold of hearing is 0 dB at 


250 Hz, when [link] implies that no one can hear such a frequency at 
less than 20 dB? 


Problems & Exercises 


Exercise: 
Problem: 
The factor of 10~!? in the range of intensities to which the ear can 
respond, from threshold to that causing damage after brief exposure, is 
truly remarkable. If you could measure distances over the same range 


with a single instrument and the smallest distance you could measure 
was 1 mm, what would the largest be? 


Solution: 
Equation: 


1x 10°km 


Exercise: 


Problem: 


The frequencies to which the ear responds vary by a factor of 10°. 
Suppose the speedometer on your car measured speeds differing by the 
same factor of 10°, and the greatest speed it reads is 90.0 mi/h. What 
would be the slowest nonzero speed it could read? 


Exercise: 
Problem: 
What are the closest frequencies to 500 Hz that an average person can 


clearly distinguish as being different in frequency from 500 Hz? The 
sounds are not present simultaneously. 


Solution: 


498.5 or 501.5 Hz 
Exercise: 
Problem: 
Can the average person tell that a 2002-Hz sound has a different 


frequency than a 1999-Hz sound without playing them 
simultaneously? 


Exercise: 
Problem: 
If your radio is producing an average sound intensity level of 85 dB, 


what is the next lowest sound intensity level that is clearly less 
intense? 


Solution: 


82 dB 


Exercise: 


Problem: 
Can you tell that your roommate turned up the sound on the TV if its 
average sound intensity level goes from 70 to 73 dB? 

Exercise: 
Problem: 
Based on the graph in [link], what is the threshold of hearing in 
decibels for frequencies of 60, 400, 1000, 4000, and 15,000 Hz? Note 
that many AC electrical appliances produce 60 Hz, music is commonly 


A400 Hz, a reference frequency is 1000 Hz, your maximum sensitivity 
is near 4000 Hz, and many older TVs produce a 15,750 Hz whine. 


Solution: 


approximately 48, 9, 0, —7, and 20 dB, respectively 
Exercise: 
Problem: 
What sound intensity levels must sounds of frequencies 60, 3000, and 


8000 Hz have in order to have the same loudness as a 40-dB sound of 
frequency 1000 Hz (that is, to have a loudness of 40 phons)? 


Exercise: 


Problem: 


What is the approximate sound intensity level in decibels of a 600-Hz 
tone if it has a loudness of 20 phons? If it has a loudness of 70 phons? 


Solution: 
(a) 23 dB 


(b) 70 dB 


Exercise: 


Problem: 


(a) What are the loudnesses in phons of sounds having frequencies of 
200, 1000, 5000, and 10,000 Hz, if they are all at the same 60.0-dB 
sound intensity level? (b) If they are all at 110 dB? (c) If they are all at 
20.0 dB? 


Exercise: 
Problem: 
Suppose a person has a 50-dB hearing loss at all frequencies. By how 
many factors of 10 will low-intensity sounds need to be amplified to 


seem normal to this person? Note that smaller amplification is 
appropriate for more intense sounds to avoid further hearing damage. 


Solution: 


Five factors of 10 

Exercise: 
Problem: 
If a woman needs an amplification of 5.0 x 10!” times the threshold 
intensity to enable her to hear at all frequencies, what is her overall 
hearing loss in dB? Note that smaller amplification is appropriate for 


more intense sounds to avoid further damage to her hearing from 
levels above 90 dB. 


Exercise: 
Problem: 
(a) What is the intensity in watts per meter squared of a just barely 
audible 200-Hz sound? (b) What is the intensity in watts per meter 
squared of a barely audible 4000-Hz sound? 


Solution: 


(a) 2 x 10°12? W/m’ 


(b) 2 x 10-8 W/m? 
Exercise: 
Problem: 
(a) Find the intensity in watts per meter squared of a 60.0-Hz sound 


having a loudness of 60 phons. (b) Find the intensity in watts per meter 
squared of a 10,000-Hz sound having a loudness of 60 phons. 


Exercise: 
Problem: 
A person has a hearing threshold 10 dB above normal at 100 Hz and 
50 dB above normal at 4000 Hz. How much more intense must a 100- 


Hz tone be than a 4000-Hz tone if they are both barely audible to this 
person? 


Solution: 


25 
Exercise: 
Problem: 
A child has a hearing loss of 60 dB near 5000 Hz, due to noise 
exposure, and normal hearing elsewhere. How much more intense is a 


5000-Hz tone than a 400-Hz tone if they are both barely audible to the 
child? 


Exercise: 


Problem: 


What is the ratio of intensities of two sounds of identical frequency if 
the first is just barely discernible as louder to a person than the second? 


Solution: 


1.26 


Glossary 


loudness 
the perception of sound intensity 


timbre 
number and relative intensity of multiple sound frequencies 


note 
basic unit of music with specific names, combined to generate tunes 


tone 
number and relative intensity of multiple sound frequencies 


phon 
the numerical unit of loudness 


ultrasound 
sounds above 20,000 Hz 


infrasound 
sounds below 20 Hz 


Ultrasound 


¢ Define acoustic impedance and intensity reflection coefficient. 

¢ Describe medical and other uses of ultrasound technology. 

¢ Calculate acoustic impedance using density values and the speed of ultrasound. 
¢ Calculate the velocity of a moving object using Doppler-shifted ultrasound. 


Ultrasound is used in medicine 
to painlessly and noninvasively 
monitor patient health and 
diagnose a wide range of 
disorders. (credit: 
abbybatchelder, Flickr) 


Any sound with a frequency above 20,000 Hz (or 20 kHz)—that is, above the highest 
audible frequency—is defined to be ultrasound. In practice, it is possible to create 
ultrasound frequencies up to more than a gigahertz. (Higher frequencies are difficult to 
create; furthermore, they propagate poorly because they are very strongly absorbed.) 
Ultrasound has a tremendous number of applications, which range from burglar alarms 
to use in cleaning delicate objects to the guidance systems of bats. We begin our 
discussion of ultrasound with some of its applications in medicine, in which it is used 
extensively both for diagnosis and for therapy. 


Note: 

Characteristics of Ultrasound 

The characteristics of ultrasound, such as frequency and intensity, are wave properties 
common to all types of waves. Ultrasound also has a wavelength that limits the 
fineness of detail it can detect. This characteristic is true of all waves. We can never 
observe details significantly smaller than the wavelength of our probe; for example, 


we will never see individual atoms with visible light, because the atoms are so small 
compared with the wavelength of light. 


Ultrasound in Medical Therapy 


Ultrasound, like any wave, carries energy that can be absorbed by the medium 
carrying it, producing effects that vary with intensity. When focused to intensities of 
10° to 10° W/ m’, ultrasound can be used to shatter gallstones or pulverize cancerous 
tissue in surgical procedures. (See [link].) Intensities this great can damage individual 
cells, variously causing their protoplasm to stream inside them, altering their 
permeability, or rupturing their walls through cavitation. Cavitation is the creation of 
vapor cavities in a fluid—the longitudinal vibrations in ultrasound alternatively 
compress and expand the medium, and at sufficient amplitudes the expansion 
separates molecules. Most cavitation damage is done when the cavities collapse, 
producing even greater shock pressures. 


The tip of this 
small probe 
oscillates at 23 kHz 
with such a large 
amplitude that it 
pulverizes tissue on 
contact. The debris 
is then aspirated. 
The speed of the tip 
may exceed the 
speed of sound in 
tissue, thus creating 
shock waves and 
cavitation, rather 
than a smooth 


simple harmonic 
oscillator—type 
wave. 


Most of the energy carried by high-intensity ultrasound in tissue is converted to 
thermal energy. In fact, intensities of 10° to 104 W/ m’ are commonly used for deep- 
heat treatments called ultrasound diathermy. Frequencies of 0.8 to 1 MHz are typical. 
In both athletics and physical therapy, ultrasound diathermy is most often applied to 
injured or overworked muscles to relieve pain and improve flexibility. Skill is needed 
by the therapist to avoid “bone burns” and other tissue damage caused by overheating 
and cavitation, sometimes made worse by reflection and focusing of the ultrasound by 
joint and bone tissue. 


In some instances, you may encounter a different decibel scale, called the sound 
pressure level, when ultrasound travels in water or in human and other biological 
tissues. We shall not use the scale here, but it is notable that numbers for sound 
pressure levels range 60 to 70 dB higher than you would quote for {, the sound 
intensity level used in this text. Should you encounter a sound pressure level of 220 
decibels, then, it is not an astronomically high intensity, but equivalent to about 155 
dB—high enough to destroy tissue, but not as unreasonably high as it might seem at 
first. 


Ultrasound in Medical Diagnostics 


When used for imaging, ultrasonic waves are emitted from a transducer, a crystal 
exhibiting the piezoelectric effect (the expansion and contraction of a substance when 
a voltage is applied across it, causing a vibration of the crystal). These high-frequency 
vibrations are transmitted into any tissue in contact with the transducer. Similarly, if a 
pressure is applied to the crystal (in the form of a wave reflected off tissue layers), a 
voltage is produced which can be recorded. The crystal therefore acts as both a 
transmitter and a receiver of sound. Ultrasound is also partially absorbed by tissue on 
its path, both on its journey away from the transducer and on its return journey. From 
the time between when the original signal is sent and when the reflections from 
various boundaries between media are received, (as well as a measure of the intensity 
loss of the signal), the nature and position of each boundary between tissues and 
organs may be deduced. 


Reflections at boundaries between two different media occur because of differences in 
a characteristic known as the acoustic impedance Z of each substance. Impedance is 
defined as 


Equation: 


Z = pv, 


where p is the density of the medium (in kg/ m’°) and v is the speed of sound through 
the medium (in m/s). The units for Z are therefore kg /(m? - s). 


[link] shows the density and speed of sound through various media (including various 
soft tissues) and the associated acoustic impedances. Note that the acoustic 
impedances for soft tissue do not vary much but that there is a big difference between 
the acoustic impedance of soft tissue and air and also between soft tissue and bone. 


Medium 
Air 
Water 
Blood 
Fat 


Muscle (average) 


Bone (varies) 


Barium titanate 
(transducer 
material) 


Density 
(kg/m?) 


1.3 
1000 
1060 
925 
1075 
1400- 


1900 


5600 


Speed of 
Ultrasound 
(m/s) 

330 

1500 

1570 

1450 


1590 


4080 


5500 


Acoustic 
Impedance 


(kg/(m? -s)) 
429 

1.5 x 10° 
1.66 x 10° 
1.34 x 10° 
1.70 x 10° 
5.7 x 10° to 


7.8 x 10° 


30.8 x 10° 


The Ultrasound Properties of Various Media, Including Soft Tissue Found in the Body 


At the boundary between media of different acoustic impedances, some of the wave 
energy is reflected and some is transmitted. The greater the difference in acoustic 
impedance between the two media, the greater the reflection and the smaller the 
transmission. 


The intensity reflection coefficient a is defined as the ratio of the intensity of the 
reflected wave relative to the incident (transmitted) wave. This statement can be 
written mathematically as 

Equation: 


_ (2-4) 
(21 + Z2)° 


where Z; and Z» are the acoustic impedances of the two media making up the 
boundary. A reflection coefficient of zero (corresponding to total transmission and no 
reflection) occurs when the acoustic impedances of the two media are the same. An 
impedance “match” (no reflection) provides an efficient coupling of sound energy 
from one medium to another. The image formed in an ultrasound is made by tracking 
reflections (as shown in [link]) and mapping the intensity of the reflected sound waves 
in a two-dimensional plane. 


Example: 

Calculate Acoustic Impedance and Intensity Reflection Coefficient: Ultrasound 
and Fat Tissue 

(a) Using the values for density and the speed of ultrasound given in [link], show that 
the acoustic impedance of fat tissue is indeed 1.34 x 10° kg/(m?-s). 

(b) Calculate the intensity reflection coefficient of ultrasound when going from fat to 
muscle tissue. 

Strategy for (a) 

The acoustic impedance can be calculated using Z = pv and the values for p and v 
found in [link]. 

Solution for (a) 

(1) Substitute known values from [link] into Z = pv. 

Equation: 


Lai = (925 kg/m*) (1450 m/s) 


(2) Calculate to find the acoustic impedance of fat tissue. 
Equation: 


1.34 x 10° kg /(m?-s) 


This value is the same as the value given for the acoustic impedance of fat tissue. 


Strategy for (b) 
The intensity reflection coefficient for any boundary between two media is given by 
2 
= eZ and the acoustic impedance of muscle is given in [link]. 
(Z1 + Z2) 
Solution for (b) 
2 
Substitute known values into a = ena to find the intensity reflection 
1 2 
coefficient: 
Equation: 
2 
2 
 (-th)? (1.34 x 10° kg/(m?- s) — 1.70 x 10° kg/(m -s)) 


= 0.014 
2 2 
(21 + 22) (1.70 x 10° kg/(m?- s) + 1.34 x 10° kg/(m?. s)) 


Discussion 
This result means that only 1.4% of the incident intensity is reflected, with the 


remaining being transmitted. 


The applications of ultrasound in medical diagnostics have produced untold benefits 
with no known risks. Diagnostic intensities are too low (about 10°? W / m7’) to cause 
thermal damage. More significantly, ultrasound has been in use for several decades 
and detailed follow-up studies do not show evidence of ill effects, quite unlike the case 
for x-rays. 
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(a) An 
ultrasound 
speaker 
doubles as a 
microphone. 
Brief bleeps 
are broadcast, 
and echoes 
are recorded 
from various 
depths. (b) 
Graph of echo 
intensity 
versus time. 
The time for 
echoes to 
return is 
directly 
proportional 
to the 
distance of 
the reflector, 
yielding this 
information 
noninvasively 


The most common ultrasound applications produce an image like that shown in [link]. 
The speaker-microphone broadcasts a directional beam, sweeping the beam across the 
area of interest. This is accomplished by having multiple ultrasound sources in the 
probe’s head, which are phased to interfere constructively in a given, adjustable 
direction. Echoes are measured as a function of position as well as depth. A computer 
constructs an image that reveals the shape and density of internal structures. 


~.<sPosition direction and 
: time information 


j to computer 
Ultrasonic 


beam 


(b) 


(a) An ultrasonic image is 
produced by sweeping the 
ultrasonic beam across the area 
of interest, in this case the 
woman’s abdomen. Data are 
recorded and analyzed in a 
computer, providing a two- 
dimensional image. (b) 
Ultrasound image of 12-week- 
old fetus. (credit: Margaret W. 
Carruthers, Flickr) 


How much detail can ultrasound reveal? The image in [link] is typical of low-cost 
systems, but that in [link] shows the remarkable detail possible with more advanced 
systems, including 3D imaging. Ultrasound today is commonly used in prenatal care. 
Such imaging can be used to see if the fetus is developing at a normal rate, and help in 
the determination of serious problems early in the pregnancy. Ultrasound is also in 
wide use to image the chambers of the heart and the flow of blood within the beating 
heart, using the Doppler effect (echocardiology). 


Whenever a wave is used as a probe, it is very difficult to detect details smaller than 
its wavelength A. Indeed, current technology cannot do quite this well. Abdominal 


scans may use a 7-MHz frequency, and the speed of sound in tissue is about 1540 m/s 


nA ; _ vy _ 1540 m/s 
—-so the wavelength limit to detail would be A = * = 7xi0°Hs 


practice, 1-mm detail is attainable, which is sufficient for many purposes. Higher- 
frequency ultrasound would allow greater detail, but it does not penetrate as well as 
lower frequencies do. The accepted rule of thumb is that you can effectively scan to a 
depth of about 500A into tissue. For 7 MHz, this penetration limit is 500 x 0.22 mm, 
which is 0.11 m. Higher frequencies may be employed in smaller organs, such as the 
eye, but are not practical for looking deep into the body. 


= 0.22 mm. In 


A 3D ultrasound image of a 
fetus. As well as for the 
detection of any abnormalities, 
such scans have also been 
shown to be useful for 
strengthening the emotional 
bonding between parents and 
their unborn child. (credit: 
Jennie Cu, Wikimedia 
Commons) 


In addition to shape information, ultrasonic scans can produce density information 
superior to that found in X-rays, because the intensity of a reflected sound is related to 
changes in density. Sound is most strongly reflected at places where density changes 
are greatest. 


Another major use of ultrasound in medical diagnostics is to detect motion and 
determine velocity through the Doppler shift of an echo, known as Doppler-shifted 
ultrasound. This technique is used to monitor fetal heartbeat, measure blood velocity, 
and detect occlusions in blood vessels, for example. (See [link].) The magnitude of the 
Doppler shift in an echo is directly proportional to the velocity of whatever reflects the 
sound. Because an echo is involved, there is actually a double shift. The first occurs 
because the reflector (say a fetal heart) is a moving observer and receives a Doppler- 
shifted frequency. The reflector then acts as a moving source, producing a second 
Doppler shift. 


4:18:42 pm 
3 #50 


6.0MHz = 35mm 
KAI 


This Doppler-shifted ultrasonic 
image of a partially occluded 
artery uses color to indicate 
velocity. The highest velocities 
are in red, while the lowest are 
blue. The blood must move 
faster through the constriction 
to carry the same flow. (credit: 
Arning C, Grzyska U, 
Wikimedia Commons) 


A clever technique is used to measure the Doppler shift in an echo. The frequency of 
the echoed sound is superimposed on the broadcast frequency, producing beats. The 
beat frequency is Fg =| f1 — fo |, and so it is directly proportional to the Doppler 
shift (f1 — f2) and hence, the reflector’s velocity. The advantage in this technique is 
that the Doppler shift is small (because the reflector’s velocity is small), so that great 
accuracy would be needed to measure the shift directly. But measuring the beat 
frequency is easy, and it is not affected if the broadcast frequency varies somewhat. 
Furthermore, the beat frequency is in the audible range and can be amplified for audio 
feedback to the medical observer. 


Note: 

Uses for Doppler-Shifted Radar 

Doppler-shifted radar echoes are used to measure wind velocities in storms as well as 
aircraft and automobile speeds. The principle is the same as for Doppler-shifted 
ultrasound. There is evidence that bats and dolphins may also sense the velocity of an 
object (such as prey) reflecting their ultrasound signals by observing its Doppler shift. 


Example: 

Calculate Velocity of Blood: Doppler-Shifted Ultrasound 

Ultrasound that has a frequency of 2.50 MHz is sent toward blood in an artery that is 
moving toward the source at 20.0 cm/s, as illustrated in [link]. Use the speed of sound 
in human tissue as 1540 m/s. (Assume that the frequency of 2.50 MHz is accurate to 
seven significant figures.) 


a. What frequency does the blood receive? 

b. What frequency returns to the source? 

c. What beat frequency is produced if the source and returning frequencies are 
mixed? 


Speaker— 
microphone 


Ultrasound is 
partly 
reflected by 
blood cells 
and plasma 
back toward 
the speaker- 
microphone. 
Because the 
cells are 
moving, two 
Doppler 
shifts are 
produced— 
one for blood 
as a moving 
observer, and 
the other for 
the reflected 
sound 
coming from 
a moving 
source. The 
magnitude of 
the shift is 
directly 
proportional 
to blood 
velocity. 


Strategy 


The first two questions can be answered using fobs = fall no ) and 


Uw = Us 


Uw. ac Vobs 


ee (222s ) for the Doppler shift. The last question asks for beat frequency, 


which is the difference between the original and returning frequencies. 
Solution for (a) 


(1) Identify knowns: 
e The blood is a moving observer, and so the frequency it receives is given by 
Equation: 
Cae wan 
i obs — f s (=) . 


¢ Up is the blood velocity (v ops here) and the plus sign is chosen because the 
motion is toward the source. 


(2) Enter the given values into the equation. 
Equation: 


1540 0.2 
fobs = (2,500,000 Hz) (See) 


1540 m/s 


(3) Calculate to find the frequency: 2,500,325 Hz. 
Solution for (b) 
(1) Identify knowns: 


e The blood acts as a moving source. 

e The microphone acts as a stationary observer. 

e The frequency leaving the blood is 2,500,325 Hz, but it is shifted upward as 
given by 
Equation: 


fobs is the frequency received by the speaker-microphone. 
The source velocity is vp. 
The minus sign is used because the motion is toward the observer. 


The minus sign is used because the motion is toward the observer. 
(2) Enter the given values into the equation: 
Equation: 


1540 m/s 
fobs = (2,500,325 Hz) 


1540 m/s — 0.200 m/s 


(3) Calculate to find the frequency returning to the source: 2,500,649 Hz. 
Solution for (c) 
(1) Identify knowns: 


¢ The beat frequency is simply the absolute value of the difference between f, and 
fobs, aS Stated in: 
Equation: 


fs =| fobs a fs |. 


(2) Substitute known values: 
Equation: 


| 2,500,649 Hz — 2,500,000 Hz | 


(3) Calculate to find the beat frequency: 649 Hz. 

Discussion 

The Doppler shifts are quite small compared with the original frequency of 2.50 
MHz. It is far easier to measure the beat frequency than it is to measure the echo 
frequency with an accuracy great enough to see shifts of a few hundred hertz out of a 
couple of megahertz. Furthermore, variations in the source frequency do not greatly 
affect the beat frequency, because both f, and f,p,would increase or decrease. Those 
changes subtract out in fg =| fobs — fs |- 


Note: 

Industrial and Other Applications of Ultrasound 

Industrial, retail, and research applications of ultrasound are common. A few are 
discussed here. Ultrasonic cleaners have many uses. Jewelry, machined parts, and 
other objects that have odd shapes and crevices are immersed in a cleaning fluid that 
is agitated with ultrasound typically about 40 kHz in frequency. The intensity is great 
enough to cause cavitation, which is responsible for most of the cleansing action. 
Because cavitation-produced shock pressures are large and well transmitted in a fluid, 


they reach into small crevices where even a low-surface-tension cleaning fluid might 
not penetrate. 

Sonar is a familiar application of ultrasound. Sonar typically employs ultrasonic 
frequencies in the range from 30.0 to 100 kHz. Bats, dolphins, submarines, and even 
some birds use ultrasonic sonar. Echoes are analyzed to give distance and size 
information both for guidance and finding prey. In most sonar applications, the sound 
reflects quite well because the objects of interest have significantly different density 
than the medium in which they travel. When the Doppler shift is observed, velocity 
information can also be obtained. Submarine sonar can be used to obtain such 
information, and there is evidence that some bats also sense velocity from their 
echoes. 

Similarly, there are a range of relatively inexpensive devices that measure distance by 
timing ultrasonic echoes. Many cameras, for example, use such information to focus 
automatically. Some doors open when their ultrasonic ranging devices detect a nearby 
object, and certain home security lights turn on when their ultrasonic rangers observe 
motion. Ultrasonic “measuring tapes” also exist to measure such things as room 
dimensions. Sinks in public restrooms are sometimes automated with ultrasound 
devices to turn faucets on and off when people wash their hands. These devices 
reduce the spread of germs and can conserve water. 

Ultrasound is used for nondestructive testing in industry and by the military. Because 
ultrasound reflects well from any large change in density, it can reveal cracks and 
voids in solids, such as aircraft wings, that are too small to be seen with x-rays. For 
similar reasons, ultrasound is also good for measuring the thickness of coatings, 
particularly where there are several layers involved. 

Basic research in solid state physics employs ultrasound. Its attenuation is related to a 
number of physical characteristics, making it a useful probe. Among these 
characteristics are structural changes such as those found in liquid crystals, the 
transition of a material to a superconducting phase, as well as density and other 
properties. 

These examples of the uses of ultrasound are meant to whet the appetites of the 
curious, as well as to illustrate the underlying physics of ultrasound. There are many 
more applications, as you can easily discover for yourself. 


Exercise: 
Check Your Understanding 


Problem: 


Why is it possible to use ultrasound both to observe a fetus in the womb and also 
to destroy cancerous tumors in the body? 


Solution: 


Ultrasound can be used medically at different intensities. Lower intensities do not 
cause damage and are used for medical imaging. Higher intensities can pulverize 
and destroy targeted substances in the body, such as tumors. 


Section Summary 


e The acoustic impedance is defined as: 
Equation: 


Z = pv, 


p is the density of a medium through which the sound travels and v is the speed 
of sound through that medium. 

e The intensity reflection coefficient a, a measure of the ratio of the intensity of the 
wave reflected off a boundary between two media relative to the intensity of the 
incident wave, is given by 
Equation: 


(Z — Z1)’ 


a 
(21 + Ze) 


e The intensity reflection coefficient is a unitless quantity. 


Conceptual Questions 


Exercise: 
Problem: 
If audible sound follows a rule of thumb similar to that for ultrasound, in terms of 
its absorption, would you expect the high or low frequencies from your 


neighbor’s stereo to penetrate into your house? How does this expectation 
compare with your experience? 


Exercise: 
Problem: 
Elephants and whales are known to use infrasound to communicate over very 


large distances. What are the advantages of infrasound for long distance 
communication? 


Exercise: 
Problem: 
It is more difficult to obtain a high-resolution ultrasound image in the abdominal 


region of someone who is overweight than for someone who has a slight build. 
Explain why this statement is accurate. 


Exercise: 
Problem: 
Suppose you read that 210-dB ultrasound is being used to pulverize cancerous 


tumors. You calculate the intensity in watts per centimeter squared and find it is 
unreasonably high (10° W rl cm’). What is a possible explanation? 


Problems & Exercises 


Unless otherwise indicated, for problems in this section, assume that the speed of 
sound through human tissues is 1540 m/s. 
Exercise: 


Problem: 


What is the sound intensity level in decibels of ultrasound of intensity 
10° W / m”, used to pulverize tissue during surgery? 


Solution: 


170 dB 
Exercise: 
Problem: 
Is 155-dB ultrasound in the range of intensities used for deep heating? Calculate 


the intensity of this ultrasound and compare this intensity with values quoted in 
the text. 


Exercise: 
Problem: 


Find the sound intensity level in decibels of 2.00 x 10°? W/ m’” ultrasound used 
in medical diagnostics. 


Solution: 


103 dB 
Exercise: 
Problem: 
The time delay between transmission and the arrival of the reflected wave of a 


signal using ultrasound traveling through a piece of fat tissue was 0.13 ms. At 
what depth did this reflection occur? 


Exercise: 
Problem: 
In the clinical use of ultrasound, transducers are always coupled to the skin by a 
thin layer of gel or oil, replacing the air that would otherwise exist between the 
transducer and the skin. (a) Using the values of acoustic impedance given in 
[link] calculate the intensity reflection coefficient between transducer material 
and air. (b) Calculate the intensity reflection coefficient between transducer 
material and gel (assuming for this problem that its acoustic impedance is 


identical to that of water). (c) Based on the results of your calculations, explain 
why the gel is used. 


Solution: 
(a) 1.00 
(b) 0.823 
(c) Gel is used to facilitate the transmission of the ultrasound between the 
transducer and the patient’s body. 
Exercise: 
Problem: 
(a) Calculate the minimum frequency of ultrasound that will allow you to see 


details as small as 0.250 mm in human tissue. (b) What is the effective depth to 
which this sound is effective as a diagnostic probe? 


Exercise: 


Problem: 


(a) Find the size of the smallest detail observable in human tissue with 20.0-MHz 
ultrasound. (b) Is its effective penetration depth great enough to examine the 
entire eye (about 3.00 cm is needed)? (c) What is the wavelength of such 
ultrasound in 0°C air? 


Solution: 
(a) 77.0 pm 
(b) Effective penetration depth = 3.85 cm, which is enough to examine the eye. 


(c) 16.6 pm 

Exercise: 
Problem: 
(a) Echo times are measured by diagnostic ultrasound scanners to determine 
distances to reflecting surfaces in a patient. What is the difference in echo times 
for tissues that are 3.50 and 3.60 cm beneath the surface? (This difference is the 
minimum resolving time for the scanner to see details as small as 0.100 cm, or 
1.00 mm. Discrimination of smaller time differences is needed to see smaller 
details.) (b) Discuss whether the period T of this ultrasound must be smaller than 


the minimum time resolution. If so, what is the minimum frequency of the 
ultrasound and is that out of the normal range for diagnostic ultrasound? 


Exercise: 


Problem: 


(a) How far apart are two layers of tissue that produce echoes having round-trip 
times (used to measure distances) that differ by 0.750 ps ? (b) What minimum 
frequency must the ultrasound have to see detail this small? 


Solution: 
(a) 5.78 x 104m 


(b) 2.67 x 10° Hz 


Exercise: 


Problem: 


(a) A bat uses ultrasound to find its way among trees. If this bat can detect echoes 
1.00 ms apart, what minimum distance between objects can it detect? (b) Could 
this distance explain the difficulty that bats have finding an open door when they 
accidentally get into a house? 


Exercise: 


Problem: 


A dolphin is able to tell in the dark that the ultrasound echoes received from two 
sharks come from two different objects only if the sharks are separated by 3.50 
m, one being that much farther away than the other. (a) If the ultrasound has a 
frequency of 100 kHz, show this ability is not limited by its wavelength. (b) If 
this ability is due to the dolphin’s ability to detect the arrival times of echoes, 
what is the minimum time difference the dolphin can perceive? 


Solution: 


(a) vy = 1540 m/s = fA => A= SRE = 0.0154 m < 3.50 m. Because 


the wavelength is much shorter than the distance in question, the wavelength is 
not the limiting factor. 
(b) 4.55 ms 

Exercise: 
Problem: 
A diagnostic ultrasound echo is reflected from moving blood and returns with a 
frequency 500 Hz higher than its original 2.00 MHz. What is the velocity of the 


blood? (Assume that the frequency of 2.00 MHz is accurate to seven significant 
figures and 500 Hz is accurate to three significant figures. ) 


Exercise: 
Problem: 
Ultrasound reflected from an oncoming bloodstream that is moving at 30.0 cm/s 
is mixed with the original frequency of 2.50 MHz to produce beats. What is the 


beat frequency? (Assume that the frequency of 2.50 MHz is accurate to seven 
significant figures.) 


Solution: 


974 Hz 


(Note: extra digits were retained in order to show the difference.) 


Glossary 


acoustic impedance 
property of medium that makes the propagation of sound waves more difficult 


intensity reflection coefficient 
a measure of the ratio of the intensity of the wave reflected off a boundary 
between two media relative to the intensity of the incident wave 


Doppler-shifted ultrasound 
a medical technique to detect motion and determine velocity through the Doppler 
shift of an echo 


Western Musical Periods: Medieval to Romantic 
Chapter 4 of Music 1300 textbook 


Middle Ages (ca. 450 to ca. 1450) 


The period in the history of Western Europe, today called the Middle Ages, 
begins around 450 A.D. What had once been a vast empire dominated by 
Roman law and culture fell apart in consequence of a series of incursions by 
the Goths, Huns, and other “barbarian” tribes. Europe became a feudal 
society in which the majority of the population was peasants, or serfs. The 
landowners were noblemen who lived in tapestry-hung castles in walled 
villages, some of which are the antecedents of European cities of today. To 
fight the almost constant wars with each other, powerful lords raised their 
sons to be warriors, knights who pledged to follow codes of loyalty and 
chivalry. When not engaged in battles, these armored fighters participated in 
elaborate tournaments for the entertainment of the court. Knights also 
joined the crusades, multi-year Christian expeditions to the Middle East to 
recapture the Holy Land from Moslem rule. 


As Christianity spread during the Middle Ages, great cathedrals were built 
across Europe as places of public worship, each presided over by a bishop 


appointed by the pope. Monasteries and convents were established as self- 
sufficient religious communities where monks and nuns lived in isolation 
from the outside world. At a time when the population was essentially 
illiterate, monasteries were centers of learning. Monks copied and 
illustrated religious manuscripts as well as books that preserved writings of 
Arabic and Greek scholars. 


Monasteries have a special significance in the history of European music. 
The intoning of sacred texts, a practice the early Christians borrowed from 
other religions, was an important element of their liturgy. The chants sung 
in the services, some of them of ancient origin, were passed on through oral 
tradition, undoubtedly undergoing changes in the process. In order to bring 
some organization to this huge body of melodies, monks formulated 
principles for classifying the scales on which they were based, the church 
modes. They also experimented with methods of writing them down. 
Monophonic chants constituted the core of the repertory, but there were also 
practices of performing chants with one or more melodies added to them, an 
early form of polyphony. The system that the monks ultimately developed, 
essentially the staff of lines and spaces in use today, accomplished not only 
the exact fixing of the pitches of a melody, but allowed for the notation of 
two or more simultaneous melodies that graphically represented their 
relationship to one another. Observations about these relationships led to 
concepts of consonance and dissonance and to early rules for creating new 
music of two or more parts. What was originally intended as a mechanism 
for preserving existing music laid the foundations for Western theories of 
counterpoint and harmony. Those principles and practices made possible 
the composition of music of great textural complexity and are themselves 
among the major intellectual achievements in human history. 

Historic Context 


e Fall of the Roman Empire around 450. 

e Rise of the Byzantine/Eastern Roman, Frankish/Western Roman, 
Persian, Moslem, and Turkish Empires. 

e Plague of 542-594 kills half the population of Europe. 

e Charlemagne (742-814) crowned Holy Roman Emperor, 800. 

e Viking shipbuilding flourishes ca. 900. 

e Heroic poem Beowulf ca. 1000. 


Discovery of the Americas by Leif Eriksson ca. 1000. 

First Crusade 1095-1099 followed by succession of crusades ending in 
1291, 

Signing of the Magna Carta, limiting the power of the English king, 
1215: 

Black Death 1347-1349 and 1361 kills a third of the population of 
Europe. 

“Death of Knighthood” at Battle of Agincourt, 1415; French knights in 
armor are defeated by English armed with crossbows. 

Joan of Arc burned at the stake, 1431. 

Establishment of major European cities: Venice (ca. 450), Granada (ca. 
750), Dublin (ca. 840), Leipzig (ca. 1015), Vienna (ca. 1220), 
Copenhagen (ca. 1040), Nuremberg (ca. 1050), Oslo (ca. 1050), 
Munich (ca. 1100), Moscow (ca. 1150), Belfast (ca. 1170), Heidelberg 
(ca. 1200), Liverpool (ca. 1200), Amsterdam (ca. 1200), Berlin (ca. 
1230), Prague (ca. 1250), Stockholm (ca. 1250). 

Spread of Christianity through Europe: Vatican Palace built ca. 500; 
Benedictine Order founded 529; Wales converted to Christianity ca. 
550; Papacy of Gregory I 590-604; Parthenon in Rome consecrated as 
Church of S. Maria Rotunda, 609; Monastery of St. Gallen, 
Switzerland, founded 612; Gloucester Abbey founded 681; first 
canonization of saints 993; Iceland and Greenland converted to 
Christianity ca. 1000. 

Building of cathedrals and basilicas: building of St. Sophia Basilica in 
Constantinople 532-537; Arles Cathedral founded ca. 600; St. Paul’s 
Church, London, founded ca. 603; founding of Winchester Cathedral 
685; Basilica of St. Mark, Venice (975-1094); consecration of 
Westminster Abbey (1065); Canterbury Cathedral (1070-1503); 
Chartres Cathedral 1134— 1260; Verona Cathedral (1139-1187); Notre 
Dame Cathedral (1163-1235); Sainte-Chapelle, Paris (1246-1258); 
Cologne Cathedral, 1248-1880; Seville 1402. 

Founding of universities: Salerno (850); Paris (1150); Oxford (1167); 
Bologna (1119); Siena (1203); Vicenza (1204); Salamanca (1217); 
Toulouse (1229); The Sorbonne (1254); Montpellier (1289); Lisbon 
(1290); Rome (1303); Grenoble (1339); Pisa (1338); Prague (1348); 
Vienna (1366); Heidelberg (1386); Cologne (1388). 


Milestones In Music 


Founding of Schola Cantorum by Pope Gregory in Rome, 600 AD. 
Experiments in notation of pitch; first use of neumes, ca. 650. 
Musica enchiriadis, treatise describing early polyphony (organum), ca. 
870. 

Emergence of staff notation as preferred system, ca. 900. 

Organ with 400 pipes at Winchester Cathedral, ca. 980. 

Advances in notation of rhythm, 13th century. 

Earliest preserved examples of composed music of two or more 
independent melodies ca. 850—900. 

Earliest theories of consonance and dissonance, 12th century. 
Treatises describing advances in notation of rhythm ca. 1280 and ca. 
1320. 


Musical Genres 


Chant, monophonic settings of texts used in services of the early 
Christian church. 

Monophonic settings of secular poems, often about courtly love, by 
poet/musicians called troubadours and trouveres. 

Polyphonic settings of sacred and secular texts for two or three parts, 
sometimes with one of the parts a preexistent melody, such as a chant. 
Monophonic dances. 


Major Figures In Music 


Leonin (ca. 1135-1201): composer and compiler of early polyphony 
consisting of two melodic lines, active at Notre Dame Cathedral in 
Paris. 

Perotin (1180-ca. 1207): successor of Leonin at Notre Dame, 
continued development of polyphony, mainly consisting of three 
melodic lines. 

Guillaume de Machaut (ca. 1300-1377): French cleric, poet, and 
musician; composer of sacred and secular works, mostly consisting of 
three melodic lines. 

Francesco Landini (ca. 1325-1397): Italian composer of secular songs, 
mostly consisting of three melodic lines. 


Guillaume Dufay (ca. 1400-1474): Netherlandish composer of secular 
and sacred works of three or four melodic lines. 


Other Historic Figures 


St. Augustine (354430): early Christian thinker and writer. 

Boethius (ca. 480-524): Roman statesman and philosopher, author of 
The Consolations of Philosophy and De institutione musica, a treatise 
on numerical properties of musical sounds and the relationship 
between mathematical proportions and human morality. 

Mohammed (590-632): founder of Islam. 

Avicenna (980—1037): Islamic philosopher, scientist, and physician. 
Anselm (1033-1109): Christian philosopher; propounded the 
ontological argument for God’s existence. 

Averroes (1126-1198): Islamic philosopher and commentator on 
Aristotle. 

Maimonides (1125-1204): Jewish philosopher; author of Guide to the 
Perplexed. 

Marco Polo (1254-1324): Venetian traveler to China 1271-1295. 
Thomas Aquinas (ca. 1225-1274): Catholic scholar and philosopher. 
Dante Alighieri (1265-1321): Italian poet, author of The Divine 
Comedy (1307), a cosmology of medieval Catholicism. 

Giotto (ca. 1268-1337): Italian painter; frescoes of biblical scenes in 
churches of Florence and Padua. 

Francesco Petrarca (Petrarch) (1304-1374): Italian poet; sonnets of 
idealized love. 

Boccacio (1313-1375): Italian poet, author of the Decameron (1353), 
100 witty and often bawdy allegorical tales set in the time of the Black 
Death in Florence. 

Geoffrey Chaucer (ca. 1340-1400): English poet and writer, author of 
Canterbury Tales (1387), stories of courtly romance, deceit, and greed 
related by 30 people from different segments of English medieval 
society on a pilgrimage to Canterbury Cathedral. 

Jan van Eyck (ca. 1390-1441): Flemish painter; domestic scenes 
painted in oils. 


Renaissance (ca. 1450-1600) 


The designation “Renaissance” dates from the 18th century and reflects the 
revival of interest in the classical civilizations of Greece and Rome that 
profoundly influenced the culture and thinking of the century and a half 
following the Middle Ages. The period is also called the Age of Humanism 
because of the emphasis on the nature, potential, and accomplishments of 
man in literature, art and music, science, and philosophy. The medieval 
approach to understanding the world, which was based on speculative 
systems of divine order and harmony, was supplanted by theories derived 
from scientific observation. Learning was highly valued and, through the 
invention of printing, became available to a wide population. Other 
important inventions are the telescope and instruments for navigation used 
by explorers such as Columbus and Magellan. 


The Catholic Church remained an important institution during the 
Renaissance, but diminished in influence in consequence of the wealth and 
power of families such as the Medici of Florence and the Estes of Ferrara, 
whose courts became centers of culture, learning, and military might. The 
Reformation, which began with Martin Luther’s criticisms of Church 
abuses, had its greatest impact in Germany. Other breakaway movements 
followed in France and Switzerland, as well as in England, where Henry 
VIII defied the authority of the pope and declared himself head of a new 
Anglican church. Wars between Catholics and Protestants are part of the 
history of many of the countries that broke with Rome. 


In music and the other arts, patronage by royalty, who competed in 
maintaining splendid courts as well as chapels, spurred the development of 
secular forms of artistic expression. 


Whether secular or sacred, Renaissance art, sculpture, and architecture 
embody the ideals of balance, clarity, and emotional restraint that 
characterized the classicism of the Greeks. In music, where no ancient 
models survived, that aesthetic found expression in a style that evolved 
from concepts of consonance and dissonance developed in the Middle Ages 
but with new emphasis on harmonious sonorities. The predominant texture 
consisted of soprano, alto, tenor, and bass voice parts creating a highly 
contrapuntal web in which the lines diverge, converge, cross, echo, and 
imitate each other, sometimes with great rhythmic independence, 


sometimes moving together in the manner of a hymn. In setting religious 
texts, composers strove for an atmosphere of serenity and spirituality, in the 
setting of secular texts, for vivid representation of words and images. 
Instrumental music continued to be of secondary importance to composers, 
whose approach to writing for instruments was usually the same as that for 
voices. For example, published collections of dances required unspecified 
instruments of soprano, alto, tenor, and bass range—in essence vocal pieces 
without words. Some composers, however, began to explore shaping 
musical material in ways that exploited the unique features of the 
instruments on which it would be performed. 

Historic Context 


e End of Hundred Year’s War between England and France, ca. 1450. 

e Capture of Constantinople, capital of the Eastern church, by Turks, 
1453. 

e Johannes Gutenberg (ca. 1396-1468) inventor of printing in Europe, 
prints Bible from movable type, ca, 1454. 

¢ Building of Palazzo Pitti, Florence, 1460. 

e Start of the Spanish Inquisition, 1481. 

e Tudor dynasty in England, 1485-1603. 

e Christopher Columbus first voyage to the New World 1492; last 
voyage 1501-1504. 

¢ Beginning of printing of the Aldines, series of Greek classics of 
Aristotle, Aristophanes, et al., 1495. 

e Beginning of postal service, between Vienna and Brussels, 1500. 

¢ Coronation of Henry VIII as King of England, 1509. 

e Pineapples imported into Europe, 1514. 

e Martin Luther’s ninety-five theses nailed to church door at Wittenberg, 
1517; beginning of the Reformation. 

e Coffee introduced to Europe 1517. 

e License granted to import African slaves to Spanish colonies in New 
World, 1518. 

¢ Cortes brings horses from Spain to North America, 1518. 

e Ferdinand Magellan (1480-1521) sets off to circumnavigate the globe, 
1519. 

¢ Founding of Royal Library of France at Fontainebleau, 1520. 

¢ Chocolate brought from Mexico to Spain, 1520. 


e Martin Luther begins translation of Bible from Latin to German, 1521, 
completed 1534. 

e Manufacture of silk introduced to France, 1521. 

e Discovery of New York harbor and Hudson River by Giovanni da 
Verrazano, 1524. 

e Outbreaks of plague in England, 1528. 

e Henry VIII breaks with Rome and establishes Anglican Church, 1534. 

e Building of St. Basil’s, Moscow, 1534-1561. 

e Collected works of Cicero published in Venice, 1537. 

e Hernando de Soto discovers Mississippi River, 1541. 

e Council of Trent (1545-1563): meeting of church leaders called by 
Pope Paul III to address abuses in Catholic Church. 

¢ Beginning of building of the Louvre, Paris, 1546. 

¢ Tobacco brought from America to Spain, 1555. 

¢ Coronation of Elizabeth I as Queen of England, 1559. 

e Tulips introduced to Europe from Near East, 1561. 

¢ Outbreak of plague in Europe, over 20,000 die in London, 1563. 

¢ Two million Indians die in South America from typhoid fever 
introduced by Europeans, 1567. 

e St. Bartholomew’s Day massacre of 2,000 Huguenots (French 
Protestants) in Paris, 1572. 

¢ Outbreak of plague in Italy, 1575. 

¢ Defeat of the Spanish Armada by the English, 1588. 

¢ Outbreak of plague in London kills 15,000, 1592. 

e Publication of Mercator’s atlas, 1595. 

e Tomatoes introduced in England, 1596. 

e Dutch opticians invent the telescope, 1600. 


Milestones in Music 


e First printed collection of polyphonic music by Ottaviano Petrucci, 
Venice, 1501; in 1520s and 1530s music printing houses founded in 
London, Paris, Venice, Rome, Nuremberg, and Antwerp. 

e Publication of tutors on composing music and playing instruments. 

¢ Founding of first conservatories of music in Naples and Venice, 1537. 

e Early development of the violin, 1550s. 


e Florentine Camerata meets in the home of Giovanni Bardi and 
speculates about the correct performance of Greek drama leading to 
the creation of recitative style singing and the invention of opera, 1573 
toc. 1590. 


Musical Genres 


e Motet: setting of Latin sacred text; principal performance medium a 
cappella chorus of soprano, alto, tenor bass; texture of imitative 
counterpoint. Josquin des Prez set the model for the Renaissance 
motet. 

e Mass: setting of texts of the Mass Ordinary; principal performance 
medium a cappella chorus of soprano, alto, tenor bass; texture of 
imitative counterpoint. Almost all Renaissance composers wrote 
masses. 

e Madrigal: setting of secular text; principal performance medium a 
cappella chorus of soprano, alto, tenor bass; texture of imitative 
counterpoint; main secular genre in Italy and England; use of word 
painting to illustrate text images. 

e Chanson: a cappella setting of secular text; principal performance 
medium a cappella chorus of soprano, alto, tenor, bass; principal 
secular genre in France. 

¢ Chorale: setting of German sacred text; introduced by Martin Luther 
for congregational singing. 

e Canzona: instrumental adaptation of the chanson. Giovanni Gabrieli’s 
canzones were probably composed for religious celebrations at St. 
Mark’s in Venice. 

e Dances: instrumental works to accompany dancing, often paired as a 
slow dance with gliding movements followed by a faster dance with 
leaping movements. 


Major Figures in Music 


e Johannes Ockeghem (ca. 1420-1497): composer of sacred and secular 
music, active in Antwerp; teacher of many early Renaissance 
composers. 

e Josquin des Prez (ca. 1440-1521): Franco-Flemish composer; see 
Musician Biographies. 


Giovanni Gabrieli: Italian composer; director of music at St. Mark’s in 
Venice. 

Giovanni Pierluigi da Palestrina (1525-1594): Italian composer of 
sacred and secular music; credited with introducing 
Counterreformation reforms following the Council of Trent; referred to 
by contemporaries as The Prince of Music. 

William Byrd (1543-1623): English composer of sacred and secular 
vocal music and works for the keyboard. 

Tomas Luis de Victoria (1548-1611): Spanish composer of sacred 
music. 


Other Historic Figures 


Donatello (1368-1466): Italian sculptor; works depicting religious 
subjects for churches and chapels in Florence, Siena, Padua, Venice. 
Filippo Brunelleschi (1372-1446): Italian architect, designer of dome 
of Santa Maria del Fiore in Florence. 

Fra Angelico (1387-1455): Italian painter; frescoes of New Testament 
scenes in Florence and the Vatican. 

Johann Gutenberg (ca. 1396-1468): German printer; first Bible printed 
using movable type. 

Fra Filippo Lippi (ca. 1406-1469): Italian painter, especially esteemed 
for his frescoes and altarpieces. 

Hans Memling (1433-1484): Dutch painter active in Bruges; 
altarpieces, portraits notable for attention to facial detail; Adoration of 
the Magi, The Last Judgment. 

Sandro Botticelli (1444-1510): Italian painter; Birth of Venus. 
Lorenzo de’ Medici, “The Magnificent”; (1449-1492): Florentine 
aristocrat and important patron of artists, including Leonardo da Vinci. 
Christopher Columbus (1451-1506): Italian explorer; voyages to the 
“new world”; 1492-1504. 

Leonardo da Vinci (1452-1519): Italian painter, sculptor, architect, 
engineer, inventor, philosopher; The Last Supper, Mona Lisa; scientific 
drawings. 

Erasmus of Rotterdam (1465-1536): humanist, theologian, and writer 
on free will, superstition, religious orthodoxy; credited with the adage 
“Tn the land of the blind the one-eyed man is king.” 


Niccolo Machiavelli (1469-1527): Italian writer and politician; author 
of The Prince, an examination of the nature and exercise of political 
power. 

Nicolaus Copernicus (1473-1543): Polish astronomer; observations on 
movement of planets and stars. 

Michelangelo Buonarroti (1475-1564): Italian sculptor, painter, poet, 
architect; Pieta, ceiling and fresco of The Last Judgment in the Sistine 
Chapel of the Vatican; chief architect of St. Peter’s, Rome. 

Titian (1477-1576): Italian painter of portraits and landscapes, 
mythological and religious subjects, active in Venice and Spain. 
Thomas More (1478-1535): English lawyer, statesman, and humanist; 
executed for his opposition to Henry VIII’s establishing Church of 
England with himself as its head; author of Utopia which describes an 
ideal, imaginary nation. 

Martin Luther (1483-1546): German religious reformer, founder of 
Protestanism; translated The Bible into German. 

Henry VIII (1491-1547): king of England, 1509 to 1547; established 
Church of England in defiance of Rome’s refusal to grant him a 
divorce. 

Jean Calvin (1509-1564): founder of Calvinism, form of Protestantism 
adopted by the Pilgrims. 

Tintoretto (1518-1594): Italian painter; scenes from the life of Christ 
and of the Virgin Mary in the Scuolo San Rocco in Venice; also 
painted mythological scenes and portraits. 

Elizabeth I (1533-1603): queen of England 1558 to 1603, referred to as 
England’s Golden Age; a gifted and well educated monarch, lover of 
theater, music, and dance. 

El Greco (1541-1614): Spanish-Greek painter; paintings and 
altarpieces of mystical intensity in Toledo; also portraits; View of 
Toledo in New York’s Metropolitan Museum. 

Torquato Tasso (1544-1595): Italian poet; author of Jerusalem 
Delivered about the Third Crusade. 

Miguel de Cervantes (1547-1616): Spanish writer, author of Don 
Quixote. 

Francis Bacon (1561-1626): English lawyer, politician, and 
philosopher at the court of Elizabeth I. 


e William Shakespeare (1564-1616): English playwright and poet; 
author of Romeo and Juliet, Merchant of Venice, Hamlet, Macbeth, 
numerous history plays, sonnets. 

e Christopher Marlowe (1564-1593): English playwright, author of 
Tamburlaine and Dr. Faustus. 

¢ Galileo Galilei (1564-1642): Italian scientist, experiments in the study 
of gravity and astronomy; in 1633 condemned by the Catholic Church 
to lifelong imprisonment for defending Copernicus’s theory that the 
earth revolves around the sun. 


Baroque: ca. 1600-1750 


Many of the historic events in Europe during the 17th and early 18th 
centuries are extensions of forces that shaped and defined the Renaissance. 
The explorations of the 16th century were followed by the establishment of 
more and more colonies in the New World. In the sphere of intellectual 
activity, the scientific methodologies and discoveries of Copernicus and 
Galileo laid the foundations for the work of Kepler and Newton, and the 
philosophers Descartes, Spinoza, and Locke embraced the Renaissance 
pursuit of truth through reason. Religious conflicts engendered by the 
Reformation continued to erupt throughout the 17th century. In the area that 
is now Germany, tensions between Protestants and Catholics following the 
Reformation ignited a catastrophic Thirty Years War, during the course of 
which half the population died. The history of England is also a violent one, 
with such bloody deeds as the beheading of Mary Queen of Scots and 
Charles I, both Catholics, and the posthumous hanging and dismemberment 
of Oliver Cromwell, a commoner and Puritan who became England’s Lord 
Protector during the Commonwealth period. The powers of the absolute 
monarch reached new heights in France, whose citizens were heavily taxed 
to support Louis XIV and the 20,000 courtiers who lived at the extravagant 
palace he had built for himself at Versailles. 


These were some of the contexts in which artists worked during the 
approximately 150-year period of the Baroque. As in the Renaissance, 
popes, cardinals, monarchs, and members of the aristocracy continued to 
use art as a symbol of power and wealth. But artists and musicians also 
created works for a wider public. The art, architecture, and music they 


created exhibit features that are characteristic of romantic expression— 
intense emotion, flamboyance, and dynamic movement. For subjects, 
painters and sculptors were drawn to dramatic moments from mythology, 
ancient history, and the Bible, which they depicted with elaborate 
decoration, vivid color, and bold use of light and shadow. They also 
portrayed scenes from everyday life that were displayed in the homes of the 
rising middle class. Architecture, often grandiose in scale, employed 
sweeping lines, high domes, columns, and statues, all overlaid with 
omamental detail. The taste for dramatic expression in conjunction with the 
opening of public concert halls created a supportive climate for the 
emergence of opera and oratorio and of new instrumental genres 
independent of vocal music such as the sonata, concerto, and suite. In their 
pursuit of dramatic intensity, composers introduced strongly contrasting 
effects—between loud and soft, between soloist and large group, between 
voices and instruments—and developed a vocabulary of devices that 
associated particular keys, meters, rhythmic figures, and instruments with 
specific emotional states, such as anger, love, joy, and grief. 

Historic Context 


¢ Founding of Dutch East India Company, 1602. 

e Founding of Sante Fe, New Mexico, 1605. 

¢ Founding of Jamestown, Virginia, 1607. 

e¢ Dutch East India Company ships tea from China shipped to Europe, 
1609. 

e Discovery of Hudson Bay by Henry Hudson, 1610. 

¢ King James Bible published, 1611; first authorized version of the Bible 
in English. 

e Tobacco planted in Virginia, 1612. 

e Thirty Years War in Germany, 1618-1648; almost half the population 
dies due to war, famine, and plague. 

e Discovery of circulation of the blood by William Harvey, 1619. 

e First African slaves in North America arrive in Virginia, 1619. 

e Pilgrims arrive in Massachusetts, 1620. 

¢ Dutch West Indies Company purchases Manhattan Island from native 
Indians; colony of New Amsterdam founded, 1626. 

¢ Founding of colony of Massachusetts, 1629. 

¢ Founding of Harvard College, 1636. 


e Bay Psalm Book, oldest surviving printed book in America, 1640. 

¢ English Commonwealth, 1649-1660, under leadership of Oliver 
Cromwell. 

e Restoration of English monarchy, 1660. 

¢ Founding of Academic Royale de Danse by Louis XIV, 1661. 

e Louis XIV begins building of Versailles, 1662. 

e Plague in London kills 68,000, 1665. 

e Great Fire of London, 1666. 

e Founding of the College of William and Mary, Virginia, 1692. 

e Inoculation against small pox introduced in England, 1717. 

e Frederick the Great introduces freedom of the press and freedom of 
worship in Prussia, 1740. 


Milestones in Music 


e Guilio Caccini, Nuove musiche, 1601; collection of songs for solo 
voice and instrumental accompaniment, establishing a texture used 
throughout the baroque period. 

e Performance of Monteverdi’s Orfeo, 1607, considered first important 
opera. 

e Encyclopedia of music by German composer Michael Praetorius, 
1620. 

e First public opera house, Teatro San Cassiano, opens in Venice, 1637. 

e Founding of Academic Royale des Operas, Paris, 1669. 

e Opening of Paris Opera, 1671. 

e First German opera house opens in Hamburg, 1678. 

e Vivaldi appointed maestro di violono at orphanage for girls in Venice, 
1703. 

e Invention of the pianoforte by Bartolomeo Cristofori, Italian 
harpsichord maker, 1709. 

e Handel settles permanently in London, 1711. 

e Bach accepts position as cantor of St. Thomas Church, Leipzig, 1723. 

e First public concerts in Paris, Concerts Spirituels, 1725. 

e First performance of Handel’s Messiah, Dublin, 1742. 


Musical Genres 


e Opera: drama set to music for singers and instruments and acted on the 
Stage with sets and costumes. Monteverdi is generally considered to be 
the most important composer of the early Baroque, Handel of the late 
Baroque. 

e Oratorio: a story, usually religious, set to music but performed without 
staging. Oratorio, like opera, originated in Italy. Handel is the most 
important oratorio composer of the late Baroque. 

e Cantata: multiple movement vocal work on a pastoral or religious text. 
Bach composed over 300 cantatas for performance on Sundays 
throughout the church year. 

e Concerto: instrumental composition that pits one or more soloists 
against the orchestra. Vivaldi was a major figure in the standardization 
of the design and character of the solo concerto. 

e Fugue: a polyphonic composition, usually for four voice parts, based 
on one theme or subject that is developed in an imitative texture. 
Bach’s many fugues sum up the art of fugal writing. 

e Sonata: in the Baroque period, an instrumental chamber work for one 
or two melody instruments and continuo accompaniment. Arcangelo 
Corelli’s sonatas for two violins and continuo are considered classic 
examples of the genre. 

e Suite: collection of instrumental dance movements of different 
character and often national origin. Thus, the allemande from 
Germany, courante from France, gigue (jig) from the British Isles. 
Suites were composed for the harpsichord and for chamber and 
orchestral ensembles. Couperin and Bach made major contributions to 
this repertory. 


Major Figures in Music 


e Claudio Monteverdi (1567-1643): Italian composer of Orfeo of 1607, 
which is generally regarded as the first great opera; maestro di cappella 
at St. Mark’s Venice 1613-1643. 

e Nicola Amati (1596-1684): Italian violin maker. 

e Jean-Baptiste Lully (1632-1675): Italian-born composer who 
dominated music at court of Louis XIV. 

e Antonio Stradivari (1644-1737): Italian violin maker. 


e Arcangelo Corelli (1653-1677): Italian composer of instrumental 
sonatas and concertos for violin. 

e Henry Purcell (1659-1695): English composer of songs, religious 
choral music, instrumental and theatrical works, including the opera 
Dido and Aeneas, 1689. 

e Francois Couperin (1668-1733): French composer and keyboard player 
at the court of Louis XIV and XV. 

e Antonio Vivaldi (1675-1741): Italian composer and seminal figure in 
the development of the solo concerto; see Musician Biographies. 

e Jean Philippe Rameau (1683-1764): French theorist and composer of 
operas and keyboard suites. 

e Johann Sebastian Bach (1685-1750): North German composer and 
cantor of Leipzig, Germany; see Musician Biographies. 

¢ George Frederick Handel (1685-1759): North German composer of 
The Messiah, among other oratorios; see Musician Biographies. 


Other Historic Figures 


e Johannes Kepler (1571-1630): German astronomer; laws explaining 
planetary movement around the sun. 

e Michelangelo da Caravaggio (1571-1610): Italian painter; Conversion 
of St. Paul, Death of the Virgin. 

e Peter Paul Rubens (1577-1640): Flemish painter; Elevation of the 
Cross, The Lion Hunt. 

e Franz Hals (1580-1666): Dutch painter; favorite subjects were 
merchants, ministers, common folk. 

e Thomas Hobbes (1588-1679): English philosopher; materialist who 
advocated authoritarian social system; author of Leviathan. 

e Rene Descartes (1596-1650): French mathematician and philosopher 
of dualism; “cogito ergo sum”;; inventor of analytic geometry. 

e Giovanni Bernini (1598-1680): Italian sculptor; David, Ecstacy of St. 
Terese, design of piazza of St. Peter’s, Rome. 

e Oliver Cromwell (1599-1658): English general and statesman; Puritan 
and political leader during the Commonwealth period. 

e Diego Velasquez (1599-1660): Spanish painter of portraits, religious 
and historical subjects. 


e Anthony Van Dyck (1599-1641): Dutch painter; portraits of English 
nobility at court of Charles I. 

e Rembrandt van Rijn (1606-1669): Dutch painter; favored common 
people as subjects; The Night Watch, self-portraits. 

e John Milton (1608-1674): English poet; Paradise Lost, Paradise 
Regained. 

e John Dryden (1631-1700): English poet, literary, playwright of 
satirical dramas. 

e Jan Vermeer (1632-1675): Dutch painter; portraits and everyday 
scenes; Girl with a Pearl Earring. 

e John Locke (1632-1704): English philosopher; enlightenment thinker 
and empiricist. 

e Christopher Wren (1632-1723): English architect; St. Paul’s Cathedral, 
London. 

e Baruch Spinoza (1632-1677): Dutch philosopher; enlightenment 
thinker. 

¢ Louis XIV (1638-1715): king of France 1642 to 1715, known as Le 
Roi du Soleil (The Sun King); quintessential absolute monarch; builder 
of Versailles. 

e Jean Racine (1639-1699): French poet and playwright; Phedre. 

e Isaac Newton (1642-1727): English mathematician and philosopher; 
experiments on gravitation, motion, and optics. 

¢ Gottfried Wilhelm von Leibnitz (1646-1716): German rationalist 
philosopher, mathematician, historian, and jurist. 

e Jonathan Swift (1667-1745): English writer and satirist; Gulliver’s 
Travels. 

e Peter the Great (1672-1725): becomes Czar of Russia, 1689. 

e George Berkeley (1685-1753): empiricist philosopher and bishop; 
propounded Idealism against Locke’s common-sense Realism. 


Classical Enlightenment Period: ca. 1750-ca.1820 


The term classical, when used in the context of works of art, refers to 
features such proportion and symmetry that characterize the sculpture and 
architecture of ancient Greece and Rome and also the art of subsequent 
periods that display those features. Classicists embrace the notion of 


universal ideals of beauty and strive in art to achieve universality through 
the representation of ideal forms. 


It is for this reason that the period that followed the Baroque, when the 
flamboyance and drama were supplanted by emotional restraint and formal 
balance and symmetry, is called Classical. The 18th century is also called 
the Enlightenment Period, because of the ideals of reason, objectivity, and 
scientific knowledge found in the writings of Diderot, Voltaire, and Lessing 
that permeated all aspects of European society and culture. Thomas 
Jefferson, John Adams, and Ben Franklin are among the Americans who 
shared the belief in human progress and natural rights, that is, the rights of 
the individual as opposed to the rights of the state, as embodied in a 
monarch. These ideas led to the American Revolution, then the French 
Revolution, with its slogan “Liberty, Equality, Fraternity.” 


Both the aesthetics of classicism and the Enlightenment world view shaped 
the art of the second half of the 18th and early 19th centuries. As in the 
Renaissance, architects once again found inspiration in the proportion and 
grace of Greek and Roman temples. Robert Burns’s poems in Scottish 
dialect, Jane Austen’s novels about life in a country village, and Schiller’s 
plays about aspirations for freedom and brotherhood are testaments to 
enlightenment notions of the dignity and worth of the common man. 


In music, composers of the early classical period discarded complex 
textures, learned compositional techniques such as fugal imitation, and 
grandeur in favor of transparent textures, a single melody supported by a 
subordinate accompaniment, and somewhat superficial sentiments. In the 
mature classical style of Haydn, Mozart, and early Beethoven, counterpoint, 
processes of rigorous development, and depth of expression reappear, but in 
the context of classical ideals of clarity, proportion, and refined taste. 
Important developments during the period include expansion of the 
orchestra to thirty or forty players, improvements in the mechanisms of 
instruments, especially the piano, and ever greater public support through 
concerts and publication of music. 

Historic Context 


¢ Building of Independence Hall, Philadelphia, 1731-1751. 
e First playhouse opens in New York, 1750. 


King’s College (Columbia University) founded 1754. 

Moscow University founded 1755. 

First public restaurant opens in Paris, 1770. 

New York Hospital founded, 1771. 

Boston Tea Party in protest against tea tax, 1773. 

Louis XVI assumes throne of France, 1774. 

Beginning of the American Revolution; Second Continental Congress 
in Philadelphia; George Washington made commander of American 
forces, 1775. 

U.S. Declaration of Independence, 1776. 

Adam Smith (1723-1790) publishes The Wealth of Nations, 1776. 
American Academy of Sciences founded in Boston, 1780. 

Bank of North American established in Philadelphia, 1782. 

Great Britain recognizes independence of American colonies, 1783. 
U.S. Constitution signed in Philadelphia, 1878. 

French Revolution, 1789. 

U.S. Bill of Rights ratified, 1791. 

Louis XVI executed, 1793; beginning of Reign of Terror in France. 
Building of U.S. Capitol in Washington begins, 1793. 

Eli Whitney (1765-1825) invents the cotton gin, 1793. 

Slavery abolished in French colonies, 1794. 

Napoleon crowned emperor, 1804; King of Italy, 1805; King of Spain, 
1808. 

England prohibits slave trade, 1807. 

War of 1812: Napoleon invades Russia; only 20,000 of his 550,000- 
member army survive. 

Louisiana becomes a U.S. state, 1812. 

Mexico declares independence from Spain, 1813; becomes a republic, 
1823. 

Napoleon abdicates and is exiled to Elba, 1814; returns to France, 
1815; defeated in Battle of Waterloo by Wellington, 1815. 

Simon Bolivar establishes Venezuela as independent government, 
1817. 

Chile proclaims independence, 1818. 

Working day for juveniles limited to 12 hours in England, 1819. 
Brazil becomes independent of Portugal, 1822. 


Milestones in Music 


e Mozart’s first tour of Europe as six-year-old child prodigy, 1762. 
e Handel’s Messiah first performed in New York, 1770. 

¢ Opening of La Scala opera house in Milan, 1778. 

e English piano maker John Broadwood patents piano pedals, 1783. 
e Charles Burney’s History of Music, 1789. 

¢ Founding of the Paris Conservatoire, 1795. 

e Founding of Prague Conservatory, 1811. 


Musical Genres 


e Concerto: instrumental work pitting a soloist against the orchestra. 
Mozart wrote a number of piano concertos featuring himself as the 
soloist. 

e Piano sonata: multi-movement work for solo piano. All composers of 
the period contributed to this genre. 

e String quartet: four-movement work for two violins, viola, and cello 
favored by Haydn, who established the grouping as the premiere 
chamber medium. 

e Symphony: four-movement work for orchestra. Haydn composed 104 
symphonies, Mozart 41, and Beethoven 9. 

e Opera: as in the baroque period, a drama set to music and staged. 
Mozart was the most important opera composer of the period. 


Major Figures in Music 


e Franz Josef Haydn (1632-1809): Viennese composer; see Musician 
Biographies. 

e Wolfgang Amadeus Mozart (1756-1791): Austrian composer; see 
Musician Biographies. 

e Ludwig van Beethoven (1770-1827): German late classical/early 
romantic composer; see Musician Biographies. 


Other Historic Figures 


e Jean Antoine Watteau (1684-1764): French painter; Embarkation for 
the Isle of Cythera. 


Voltaire (1694-1778): French writer and philosopher; champion of 
individual liberties and critic of organized religion. 

Benjamin Franklin (1706-1790): American statesman and inventor; 
Founding Father of the United States; publisher of Pennsylvania 
Gazette; Ambassador to France. 

Linnaeus (1707-1778): Swedish botanist; creator of scientific 
classification system for plants and animals. 

David Hume (1711-1776): Scottish philosopher and historian, 
proponent of empiricism. 

Jean-Jacques Rousseau (1712-1778): French philosopher; his ideas of 
liberty and equality taken up during French Revolution. 

Frederick the Great (1712-1796): King of Prussia; enlightened 
monarch who inaugurated freedom of the press and worship; 
accomplished flutist who employed one of J. S. Bach’s sons. 

Denis Diderot (1713-1784): French philosopher; chief editor of 
Encyclopedie. 

Adam Smith (1723-1790): Scottish economist and philosopher; author 
of The Wealth of Nations. 

Joshua Reynolds (1723-1792): English portrait painter. 

Immanuel Kant (1724-1804): German philosopher of metaphysics and 
epistemology; author of Critique of Pure Reason. 

Thomas Gainsborough (1727-1788): English portrait painter of 
fashionable society and children; Blue Boy. 

James Cook (1728-1779): English navigator and explorer of the 
Pacific. 

Catherine the Great (1729-1796): czarina of Russia. 

Gotthold Ephraim Lessing (1729-1781): German dramatist, critic, and 
philosopher. 

George Washington (1732-1799): Revolutionary War general; first 
president of the United States. 

Jean Honore Fragonard (1732-1806): French portrait painter. 

John Adams (1735-1826): U.S. Founding Father and second president 
of the United States. 

James Watt (1736-1819): Scottish inventor of the steam engine. 
Thomas Jefferson (1743-1743): U.S. Founding Father, author of the 
Declaration of Independence, president of the United States, 1801 to 
1809; lawyer, architect, statesman. 


e Francisco de Goya (1746-1828): Spanish painter; portraits of royalty; 
other subjects include inhumanity of war. 

e Jeremy Bentham (1748-1832): Utilitarian philosopher. 

e Jacques-Louis David (1748-1825): French painter. 

e Johann Wolfgang von Goethe (1749-1832): German poet, novelist, 
playwright, and statesman; author of The Sorrows of Young Werther 
and Faust. 

e Simon Bolivar (1758-1830): Latin American soldier and statesman; 
the “George Washington of South America;”; major figure in 
independence from Spain for Bolivia, Panama, Colombia, Ecuador, 
Peru, and Venezuela. 

e Robert Burns (1759-1796): Scottish poet who wrote in the Scots 
language; Auld Lang Syne. 

e Johann von Schiller (1759-1805): German poet, playwright, and 
historian; author of poem used by Beethoven in his Symphony #9. 

¢ Napoleon Bonaparte (1769-1821): Corsican-born general, emperor of 
France, 1804 to 1814. 

¢ Georg Wilhelm Friedrich Hegel (1770-1831): German philosopher; 
writings on the history of philosophy and the philosophy of history, 
religion, and aesthetics. 

e Jane Austen (1775-1817): English novelist; author of Pride and 
Prejudice, Emma, Persuasion, Mansfield Park. 


Romantic (ca. 1820-1900) 


In many respects, the social and political history of 19th century Europe and 
the United States is a continuation of trends and movements rooted in the 
previous century: secularization, industrialization, democratization. But the 
way in which artists perceived, interpreted, and expressed the world was 
informed by a romantic aesthetic. As a general descriptive, romantic is 
applied to literature, visual arts, and music that emphasize imagination over 
objective observation, intense emotion over reason, freedom and 
spontaneity over order and control, individual over universal experience. 
The romantics of the 19th century sought inspiration in nature (poetry of 
Wordsworth, paintings of Constable and Turner), mythology and folklore 
(stories of E. T. A. Hoffmann), and the past (Keats, Ode on a Grecian Urn; 
Dumas, The Three Musketeers). They idolized tragic heroic figures (Sir 


Walter Scott’s novel Ivanhoe), and the artist as visionary (Walt Whitman, “I 
celebrate myself, and sing myself”). And they were fascinated by subjects 
associated with dreams (Goya’s The Dream of Reason), oppression, 
injustice, and political struggle (novels of Dickens, Victor Hugo’s Les 
Miserable), the macabre (stories of Edgar Allen Poe), and death (poems of 
Emily Dickinson). The lives of many romantics were marked by the 
restlessness, longing, and unhappy love relationships they depicted through 
their art (the English poets Byron and Shelley). 


Music was in a number of respects the perfect romantic art form. In the 
words of the composer Franz Liszt, “Music embodies feeling without 
forcing it to contend and combine with thought...” Music was used as a 
vehicle for expression of personal emotion, for awakening nationalistic 
aspirations, and for the display of virtuosity. Composers continued to use 
genres they inherited from past, such as the symphony, concerto, piano 
sonata, and opera, but also developed repertories particularly associated 
with the 19th century, such as the art song and instrumental program music. 
Whatever the form, romantic composers spoke a musical language infused 
with poetic lyricism, harmonic complexity, and dramatic contrasts. The 
requirements of their orchestral scores led to the expansion of the orchestra, 
both in size, to eighty or more players, and in its palette of instrumental 
colors through the addition of trombones and tubas, piccolo and 
contrabassoon, harp, cymbals, triangle, and a variety of drums. The concept 
of what constituted a single work encompassed the extremes from short, 
intimate songs and piano miniatures of Schubert and Schumann intended to 
be performed in intimate surroundings, to the operas of Wagner and 
symphonies of the late romantic written for large concert halls and 
demanding enormous performing resources. 

Historic Context 


¢ Death of Napoleon I, 1821. 

e Mexico becomes a republic, 1823; slavery is abolished, 1829. 

e Slave revolt in Virginia led by Nat Turner, 1831. 

e Charles Darwin’s expedition to South America, New Zealand, 
Australia, 1831-1836. 

e Anti-Slavery Society founded in Boston, 1832. 

e Abolition of slavery in British Empire, 1833. 


Public demonstration of the telegraphy by Samuel Morse, 1837. 
Vulcanization of rubber by American inventor Charles Goodyear, 
1839. 

Invention of the bicycle by Scottish inventor Kirkpatrick Macmillan, 
1839. 

Texas and Florida become U.S. states, 1845. 

Founding of Smithsonian Institution, Washington, D.C., 1846. 
Potato famine in Ireland, 1846. 

First U.S. women’s rights convention in Seneca Falls, N.Y., 1848. 
Marx and Engels issue The Communist Manifesto, 1848. 

First California gold rush, 1848. 

California becomes U.S. state, 1850. 

Continuous stitch sewing machine invented by Isaac Singer, 1851. 
Paris World’s Fair, 1855; subsequent fairs in London, 1862; Vienna, 
1873; Philadelphia, 1876; Paris, 1878; Melbourne, 1880; Moscow, 
1882; Amsterdam, 1883; Chicago, 1893, Brussels, 1897; Paris, 1900. 
Construction of Suez Canal, 1859-1869. 

Victor Emmanuel II named King of Italy by Garibaldi, 1860. 
Lincoln elected sixteenth president of the United States, 1860. 

U.S. Civil War, 1861-1865. 

Speed of light measured by Foucault, 1862. 

Lincoln issues Emancipation Proclamation; Gettysburg Address, 1863. 
Thirteenth Amendment to U.S. Constitution abolishes slavery, 1865. 
Alfred Nobel invents dynamite, 1866. 

Russia sells Alaska to United States, 1867. 

P. T. Barnum opens his circus “The Greatest Show in Earth,”; in 
Brooklyn, 1871. 

Brooklyn Bridge opened, 1872. 

Republic proclaimed in Spain, 1873. 

First Impressionist exhibit, Paris, 1874. 

Alexander Graham Bell invents the telephone, 1876. 

Thomas Edison invents the phonograph, 1877. 

Cholera vaccine discovered by Pasteur, 1880. 

New York streets first lit by electric lights, 1880. 

Tuskegee Institute founded by Booker T. Washington, 1881. 

Pasteur invents rabies vaccine, 1885. 

Statue of Liberty is dedicated, 1886. 


e Manufacture of electric motor constructed by Nikola Tesla, 1888. 
e Henry Ford builds first car, 1893. 

e Invention of motion picture camera by August and Louis Lumiere, 
1895. 

First Nobel prizes are awarded, 1896. 


Milestones in Music 


¢ Founding of Royal Academy of Music, London, 1822. 

e Improvements in piano mechanism by French maker Erard, 1823. 

¢ Patent of the saxophone by Belgian instrument maker Adolphe Sax, 
1841. 

e Founding of piano firm Steinway and Sons, New York, 1853. 

¢ New York Symphony gives its first public concert, 1858. 

e Metropolitan Opera House opens in New York, 1883. 

e First magnetic sound recordings, 1899. 


Musical Genres 


e Art song: setting of a poetic text, usually for voice and piano. Schubert 
and Schumann were both masters of the art song. 

¢ Concerto: work for instrumental soloist and orchestra with prominent 
display of virtuosity. The violinist Paganini and the pianist Liszt wrote 
concertos to show off their astonishing technical abilities. 

e Opera: as in previous periods, a drama set to music; heavy emphasis 
on bel canto (“beautiful singing”;) and vocal virtuosity. The operas of 
Verdi, Puccini, and Wagner are standard repertory of opera companies 
today. 

e Program symphony: orchestral work that musically depicts a story, 
images, events, or other nonmusical subjects. Beethoven’s Pastoral 
Symphony, Berlioz’s Symphonie Fantastique, nationalistic orchestral 
works of Smetana, and the tone poems of Liszt and Strauss exemplify 
this genre. 

¢ Symphony: as in the classical period, a large-scale work for orchestra. 
Symphonies by Schubert, Schumann, Mendelssohn, Brahms, 
Tchaikovsky, Dvorak, and Mahler are staples of the orchestral 
repertory. 


Major Figures in Music 


e Ludwig van Beethoven (1770-1827): German late classical/early 
romantic composer; see Musician Biographies. 

¢ Nicolo Paganini (1782-1840): Italian composer and violin virtuoso. 

e Franz Schubert (1797-1828): Austrian composer; see Musician 
Biographies. 

e Hector Berlioz (1803-1869): French composer. 

e Frederic Chopin (1810-1849): Polish-born composer and pianist. 

¢ Robert Schumann (1810-1856): German composer. 

e Franz Liszt (1811-1886): Hungarian-born composer and piano 
virtuoso. 

e Giuseppe Verdi (1813-1901): Italian opera composer; see Musician 
Biographies. 

e Richard Wagner (1813-1883): German opera composer. 

e Clara Wieck Schumann (1819-1896): German pianist; see Musician 
Biographies. 

e Bedrick Smetana (1824-1884): Czech nationalist composer. 

e Stephen Foster (1826-1864): American songwriter. 

e Johannes Brahms (1833-1897): German composer. 

e Modest Mussorgsky (1839-1881): Russian composer. 

e Peter Illich Tchaikovsky (1840-1893): Russian composer. 

e Antonin Dvorak (1841-1904): Czech composer; see Musician 
Biographies. 

e Giacomo Puccini (1858-1924): Italian opera composer; see Musician 
Biographies. 

e Gustav Mahler (1860-1911): German composer. 

e Claude Debussy (1862-1918): French impressionist composer. 


Other Historic Figures 


e Francisco de Goya (1746-1828): Spanish painter; portraits of royalty; 
other subjects include inhumanity of war. 


e William Blake (1757-1827): English poet and artist; author of Songs of 


Innocence; illustrator of the Bible and works by Dante and 
Shakespeare. 


William Wordsworth (1770-1850): English poet; Lyrical Ballads 
anthology; Tintern Abbey, The Prelude. 

Walter Scott (1771-1832): Scottish poet and historical novelist; 
Ivanhoe, Rob Roy, The Lady of the Lake. 

Joseph Turner (1775-1851): English landscape painter; subjects 
include London, scenes at sea, Venice; The Grand Canal Venice at 
Metropolitan Museum of Art in New York. 

E.T.A. Hoffmann (1776-1822): German composer and writer; 
collections of folk tales; story enacted in Tchaikovsky’s Nutcracker. 
Clemens Brentano (1778-1842): German author and poet. 

Lord Byron (1788-1824): English poet; his peripatetic wanderings and 
rebellious character inspired the concept of the’Byronic hero;”; Childe 
Harold’s Pilgrimage. 

Arthur Schopenhauer (1788-1860): German philosopher; observations 
on desire and will coincidentally similar to principles of Buddhism. 
Joseph Eichendorff (1788-1857): German writer, author of poems set 
by Schumann. 

Percy Bysshe Shelley (1792-1822): English poet; critic of oppressions, 
organized religion, and convention; Ozymandias. 

Jean-Baptiste Camille Corot (1796-1875): French painter of realistic 
landscapes. 

Eugene Delacroix (1798-1863): French painter; scenes of war, travels 
in Africa; Liberty Leading the People; portrait of Chopin. 

Alexander Pushkin (1799-1837): Russian poet and writer; father of 
modern Russian literature; operas based on Pushkin include 
Tchaikovsky’s Eugene Onegin and The Queen of Spades. 

Honore Balzac (1799-1850): French author of realistic novels; Le Pere 
Goriot, La Cousine Bette. 

Victor Hugo (1802-1885): French poet and writer on political, social, 
and artistic issues; Les Miserables, The Hunchback of Notre Dame. 
Alexandre Dumas (1802-1870): French author of adventure novels; 
The Three Musketeers, The Count of Monte Cristo. 

Ralph Waldo Emerson (1803-1882): American philosopher, poet, 
orator, essayist; writings on transcendentalism, abolition of slavery. 
John Stuart Mill (1806-1873): English philosopher; On Liberty. 
Elizabeth Barrett Browning (1806-1861): English poet; Sonnets from 
the Portuguese (“How do I love thee? Let me count the ways”;). 


Henry Wadsworth Longfellow (1807-1882): American poet; Song of 
Hiawatha, Paul Revere’s Ride. 

Jefferson Davis (1808-1889): leader of Confederacy during U.S. Civil 
War 

Abraham Lincoln (1809-1865): sixteenth president of the United 
States; Gettysburg Address, Emancipation Proclamation. 

Edgar Allan Poe (1809-1849): American author; Fall of the House of 
Usher, The Raven. 

Alfred Lord Tennyson (1809-1892): English poet; Idylls of the King, 
Charge of the Light Brigade. 

Charles Darwin (1809-1882): English naturalist; On the Origin of the 
Species, The Descent of Man. 

Robert Browning (1812-1889): English poet; anthologies of poetry and 
dramatic monologues. 

Charles Dickens (1812-1870): Victorian writer of novels on social 
evils and injustice; Oliver Twist, Tale of Two Cities, Great 
Expectations, David Copperfield, Bleak House, A Christmas Carol. 
Soren Kierkegaard (1813-1855): Danish philosopher; writings on 
social issues and Christian faith. 

Otto von Bismarck (1815-1898): German statesman; first chancellor of 
unified Germany. 

Charlotte Bronte (1816-1855): English novelist; Jane Eyre, Villette. 
Henry David Thoreau (1817-1862): American transcendentalist, 
naturalist, philosopher; On the Duty of Civil Disobedience, Walden, 
The Maine Woods. 

Emily Bronte (1818-1848): English novelist; Wuthering Heights. 

Karl Marx (1818-1883): German political philosopher and socialist; 
Das Kapital. 

Victoria (1819-1901): Queen of England, 1837 to 1901; proclaimed 
Empress of India, 1877. 

George Eliot (1819-1880): pen name of the English novelist Marian 
Evans; Adam Bede, Mill on the Floss, Silas Marner, Middlemarch. 
Herman Melville (1819-1891): American novelist; Moby Dick, Typee, 
Omoo, Billy Budd. 

Walt Whitman (1819-1892): American poet, journalist, humanist; 
Leaves of Grass, Song of Myself. 


Gustave Courbet (1819-1877): French painter of realistic landscapes, 
seascapes, common people. 

John Ruskin (1819-1900): English art and social critic; champion of 
pre-Raphaelite painters; advocate of conservation and economic 
socialism. 

Gregor Mendel (1822-1884): Austrian monk and geneticist; studies of 
inherited traits; laws of genetic dominance and recessiveness 

Louis Pasteur (1822-1895): French microbiologist; germ theory of 
disease; developed process of pasteurization; pioneer in fields of 
vaccination and immunization. 

Henrik Ibsen (1828-1906): Norwegian playwright and practitioner of 
dramatic realism; Peer Gynt, A Doll’s House, Ghosts, An Enemy of 
the People, The Wild Duck, Hedda Gabler. 

Emily Dickinson (1830-1886): American poet; reflections on nature, 
love, life, and death distinguished by elusive meanings and 
idiosyncratic use of rhyme and syntax. 

Edouard Manet (1832-1883): French Impressionist painter; scenes of 
contemporary Parisian life. 

Mark Twain (1835-1910): American novelist and humorist; 
Adventures of Tom Sawyer, Adventures of Huckleberry Finn, The 
Prince and the Pauper, A Connecticut Yankee in King Arthur’s Court, 
Life on the Mississippi. 

Winslow Homer (1836-1910): American painter; landscapes and 
seascapes. 

Paul Cezanne (1839-1906): French Impressionist painter; late works 
anticipate cubism and abstraction in use of natural forms in landscapes, 
still lifes, portraits. 

John D. Rockefeller (1839-1937): American industrialist; founder of 
Standard Oil. 

Claude Monet (1840-1926): French Impressionist painter; explored 
effects of changing light on color and form; gardens and lily ponds at 
his home in Giverny. 

Pierre Renoir (1840-1919): French Impressionist painter and sculptor; 
people at leisure, nudes, outdoor scenes. 

William James (1842-1910): American philosopher and psychologist; 
educational psychology; nature of the self, religious belief, 
conscioness; Principles of Psychology, The Meaning of Truth. 


Henry James (1843-1916): American writer; Daisy Miller, Portrait of a 
Lady, Turn of the Screw. 

Friedrich Nietzsche (1844-1900): German philosopher; Birth of 
Tragedy, Thus Spoke Zarathustra. 

Alexander Graham Bell (1847-1922): Scottish-borm American inventor 
in communications; inventor of the telephone and microphone; 
techniques for teaching speech to the deaf. 

Paul Gauguin (1848-1903): French Post-Impressionist painter; richly 
colored depictions of native life in South Sea islands. 

Vincent Van Gogh (1853-1890): Dutch painter; precursor of 
expressionism; still lifes, self portraits, Starry Night, Wheatfields with 
Crows, Bedroom at Arles. 

George Bernard Shaw (1856-1950): English-Irish dramatist, literary 
and music critic, social activist; 1925 Nobel Prize for Literature; 
Pygmalion, Saint Joan, Man and Superman, Heartbreak House. 

Oscar Wilde (1856-1900): Irish poet and playwright; Picture of Dorian 
Gray, Lady Windermere’s Fan, Importance of Being Earnest, Salome, 
De Profundis. 

Sigmund Freud (1856-1939): Austrian physician, founder of 
psychoanalysis; Interpretation of Dreams. 

John Dewey (1859-1952): American pragmatist philosopher and 
educator; Democracy and Education, Art as Experience, Freedom and 
Culture. 

Arthur Conan Doyle (1859-1930): Scottish author of science fiction, 
historical novels, crime fiction, creator of Sherlock Holmes. 

Edvard Munch (1863-1944): Norwegian painter and printmaker; 
expressionist themes; The Scream. 

Henry Ford (1863-1947): American automobile pioneer and 
manufacturer. 

William Butler Yeats (1865-1939): Irish poet and dramatist; 1923 
Nobel Prize for Literature; founder of Irish Academy of Letters, 
published Oxford Book of Verse. 
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CHAPTER 5: EUROPEAN AND AMERICAN ART MUSIC 
SINCE 1900 


As has been true of all periods, music of the last hundred or so years is 
related to past traditions yet has developed modes of expression that are 
distinctly modern and depart from earlier practices. Works of art are always 
in some respect reflective of the time in which they were created and, 
conversely, shape our perception of the period in which they were 
produced. Some music readily speaks to us because we are in some way 
connected to its historical and cultural context, yet often the closer works of 
art are to us in time, the more alien and inaccessible they seem. This is not a 
new phenomenon. Artists have traditionally been visionaries, creators of 
new ways of experiencing and communicating that challenge our 
comprehension. Insight into the circumstances of a work’s genesis and what 
the composer set out to accomplish can help us listen with more sympathy 
and understanding. 


In the early decades of the 20th century, many creative artists were reacting 
against the aesthetics and values of Romanticism. The composer Igor 
Stravinsky and the painter/sculptor Pablo Picasso are among the important 
figures whose works reflect their interest in tribal societies and the 
primitive, ritualistic dimension of the human psyche that was the subject of 
Freud’s research and writings. One of the most radical departures from past 
music traditions was Arnold Schoenberg’s “method of composing with 
twelve tones” that rejected principles of a key center and the distinction 
between consonance and dissonance that had been the foundation of 
Western music for centuries. Because of the absence of a tonic, twelve-tone 
music is often called “atonal,” a term to which Schoenberg objected, or 
“serial” because the compositional technique involves manipulation of a 
germinal series of pitches. Schoenberg’s theoretical writings and his serial 
works have had great impact on subsequent generations of composers. 
While twelve-tone describes Schoenberg’s compositional procedure, his 
style is classified as expressionist. Expressionism was an early 20th-century 
movement that sought to reveal through art the irrational, subconscious 
reality and repressed primordial impulses postulated and analyzed in the 
writings of Freud. 


Another important development during the early decades of the 20th 
century was awakening of interest among American visual artists, novelists, 
poets, playwrights, choreographers, and composers in creating works that 
reflected a distinctly American, as opposed to a European, sensibility. In 
music, the renowned Czech composer Antonin Dvorak, who visited the 
United States during the 1890s, challenged Americans to compose their 
own music based on native folk materials. His own Symphony # 9 (1893), 
written during his stay in America, was evocative of the African American 
spiritual. By the 1920s American composers like George Gershwin and 
Aaron Copland were incorporating the rhythms and blues tonality of jazz 
into their symphonic works. Gershwin’s 1924 piece, Rhapsody in Blue, is 
the best-known work from this genre. During the 1930s and early 1940s, 
Copland, Gershwin, Virgil Thomson, and Roy Harris drew from an array of 
American folk styles including spirituals, blues, cowboy songs, folk hymns, 
and fiddle tunes in composing their populist symphonic works. 


American composers of the early 20th century also sought to create 
distinctly new works by engaging in radical experimentation. Charles Ives, 
writing in the first two decades of the century, was the first American to 
move away from the Romantic European conventions of form and style by 
employing dissonance, atonality, complex rhythms, and nonlinear 
structures. These ideas were continued by the American experimental 
composers Henry Cowell, Conlon Nancarrow, Edgar Varése, and Ruth 
Crawford Seeger in the 1920s and 1930s. By the 1940s and into the post— 
World War II years, American avant-garde composer John Cage would 
challenge listeners to completely rethink what constituted music and art 
through his radically experimental works that drew from new technology, 
performance art, and Eastern systems of thought and aesthetics. Cage paved 
the way for the so-called “downtown” New York experimental scene that 
broke down barriers between music, visual art, performance, and so forth. 
Cage’s interest in non-Western music inspired the minimalist composers 
including Terry Riley, Steve Reich, and Philip Glass, who would draw on 
African and Asian musical systems in the 1960s and 1970s. 


This interest in non-Western music in the last 50 years is a result of the 
unprecedented contact between different cultures. For most of human 
history, musical repertories have evolved largely in isolation from one 
another, so musical experiences have been principally confined to the music 
of an individual’s own immediate culture. Today the opportunities to hear 
music and the types of music that are available have expanded dramatically 
as a result of modern technology and increased contact among peoples. 
Modern modes of travel and communication and technologies for recording 
music invented since the end of the 19th century have removed barriers that 
isolated different musical traditions and repertories from each other. A 
typical music store in the United States today has sections devoted to 
recordings covering the entire span of European classical music from the 
Middle Ages to the present, world music, and repertories that evolved 
during the 20th century such as jazz and rock. Music from distant times and 
places is also featured in the programming of some radio stations, television 
stations, and online music sites. Residents of large cities and those living 
near college campuses have opportunities to hear live performances by 
musicians trained in other cultural traditions or specializing in early music, 
as well as concerts by orchestras, opera companies, and soloists performing 


standard classical repertory. For musicians, the globalization of music has 
opened new doors and dissolved old boundaries. Performers study and gain 
mastery in repertoires of cultures other than their own, and composers can 
draw on literally the entire world of music in creating new crossover styles. 


Modern technology has made possible not only the preservation and broad 
dissemination of music, but has also become a source for the generation and 
manipulation of musical sounds. One of the earliest devices that created 
musical sounds by electronic means, the Theremin (named after its 
inventor, the Russian scientist, Leon Theremin) was introduced in the early 
1920s. Using the numerous technologies that were developed in the 
following decades, composers recorded musical tones or natural sounds that 
they transformed by mechanical and electronic means and sometimes 
supplemented with others generated electronically in a studio. This raw 
material was then assembled for playback, either as a self-sufficient 
composition or combined with live performance. Today, technology-based 
composition has become a widely available process through the storage of 
sound samples in home computers. Synthesized, sampled, and digitally 
altered sounds are commonly used for special effects in popular music, 
movie scores, and works for the concert hall. There is also a repertory in 
which the tone color dimension of sound is what the work is about. 
Comparable to the abstract painter whose materials are the basic elements 
of shape and color, the composer constructs a succession of aural events of 
unique tone color, dynamics, and registration. 

Historic Context 


e Marconi transmits telegraphic radio messages, 1901. 
e Henry Ford founds Ford Motor Company, 1903. 

e Wright brothers’ first airplane flight, 1903. 

e First Tour de France bicycle race, 1903. 

e First World Series in baseball, 1904. 

e Broadway subway opens, 1904. 

e First cubist exhibition in Paris, 1907. 

e W.E.B. DuBois founds NAACP, 1910. 

e Manhattan Bridge is completed, 1910. 

e S.S. Titanic sinks on maiden voyage, 1912. 


Sixteenth Amendment to the U.S. Constitution introduces federal 
income tax, 1913. 

Grand Central Terminal opens, 1913. 

Niels Bohr formulates theory of atomic structure, 1913. 

Panama Canal opens, 1914. 

World War I, 1914-1918. 

Eighteenth Amendment to the U.S. Constitution prohibits 
manufacture, sale, or importation of alcoholic beverages, 1920; 
repealed 1933. 

Founding of the League of Nations, 1920; U.S. Senate votes against 
joining. 

Nineteenth Amendment to the U.S. Constitution gives women the right 
to vote. 

Soviet states form USSR, 1922. 

Scopes trial in Tennessee on teaching of theory of evolution, 1925. 
Charles Lindbergh solo flight across the Atlantic, 1927. 

Museum of Modern Art opens in New York City, 1929. 

Stock market crash, beginning of world economic crisis, 1929. 
Building of the Empire State Building, 1929-1931. 

George Washington Bridge is completed, 1931. 

United States enters World War II, 1940. 

Enrico Fermi splits the atom, 1942. 

First atomic bomb detonated, New Mexico, 1945. 

United States drops atomic bombs on Hiroshima and Nagasaki, Japan, 
1945; Japan surrenders. 

Nuremberg trials of Nazi war criminals begin, 1945. 

Jackie Robinson becomes first African American major league 
baseball player, 1947. 

Founding of the State of Israel, 1948. 

United Nations building in New York City is completed, 1950. 
United States explodes first hydrogen bomb at Pacific atoll, 1952. 
U.S.S.R. explodes hydrogen bomb, 1953. 

U.S.S.R. launches Sputnik I and IJ, first earth satellites, 1957. 
Guggenheim Museum opens, 1958. 

Berlin wall is constructed, 1961. 

Assassination of President John Fitzgerald Kennedy, 1963. 


Martin Luther King, Jr. wins Noble Peace Prize, 1964; assassinated, 
1968. 

Apollo landing and moon walk, 1969. 

Paris Peace Accords to end Vietnam War, 1973. 

Three Mile Island nuclear accident, 1979. 

Sandra Day O’Connor appointed first female justice of U.S. Supreme 
Court, 1981. 

Vietnam Veterans’ War Memorial dedicated in Washington, DC, 1982. 
AIDS virus discovered by U.S. and French research teams, 1984. 
Bishop Desmond Tutu of South African Council of Churches receives 
Nobel Peace Prize, 1984. 

Chernobyl nuclear accident, 1986. 

Challenger disaster, 1986. 

Soviet invasion of Afghanistan, 1988. 

Pan Am 103 is blown up over Lockerbie, Scotland, 1988. 

Exxon Valdez oil spill in Alaska, 1989. 

Tianemen Square massacre, 1989. 

Solidarity wins first free election in Poland since World War II, 1989. 
Fall of the Berlin Wall, 1989. 

Reunification of Germany, 1990. 

Mikhail Gorbachev elected first president of the Soviet Union; 
awarded Nobel Peace Prize, 1990. 

Hubble Space Telescope put into orbit, 1990. 

Iraq invades Kuwait, 1990. 

Operation Desert Storm; end of the Gulf War, 1991. 

Warsaw Pact dissolved, 1991. 

Collapse of the Soviet Union, 1991. 

World Trade Center bombing in parking garage, 1993. 

Nelson Mandela inaugurated as South Africa’s first president, 1994. 
Successful cloning of Dolly the sheep, 1996. 

Terrorist attacks on World Trade Center, the Pentagon, crash of United 
flight 175, 2001. 

U.S. administration declares War on Terrorism, 2001. 

United States attacks Afghanistan, 2002. 

Introduction of the Euro currency, 2002. 

Space shuttle Columbia disintegrates on reentry, 2003. 

Iraq war begins; Bush declares end of fighting, 2003. 


Milestones in Music 


First phonograph recording by opera great Enrico Caruso, 1902. 
Manhattan Opera House built in New York, 1903. 

First recording of an opera, Verdi's Ernani, 1903. 

First radio transmission of music, 1904. 

Lev Theremin invents earliest electronic musical instrument, 1927. 
First annual Newport Jazz Festival, 1954. 

Stereophonic recordings introduced, 1958. 

Opening of the Rock Roll Hall of Fame, Cleveland, Ohio, 1995. 


Major Figures In Music 


Arnold Schoenberg (1874—1951): Austrian-born composer; see 
Musician Biographies. 

Charles Ives (1874-1954): American composer; see Musician 
Biographies. 

Bela Bartok (1881-1945): Hungarian composer; see Musician 
Biographies. 

Edgard Varese (1883-1965): French avant-garde composer; see 
Musician Biographies. 

Sergei Prokofiev (1891-1953): Soviet composer. 

Bessie Smith (1894—1937): American blues singer; see Musician 
Biographies. 

George Gershwin (1898-1937): American composer; see Musician 
Biographies. 

Lillian Hardin (1898-1971): American pianist and composer; see 
Musician Biographies. 

Paul Robeson (1898-1976): American singer, actor, political activist. 
Edward Kennedy “Duke” Ellington (1899-1974): American jazz 
composer and bandleader; see Musician Biographies. 

Aaron Copland (1900-1990): American composer; see Musician 
Biographies. 

Louis Armstrong (1901-1971): American jazz composer and 
performer; see Musician Biographies. 

Ruth Crawford Seeger (1901-1953): composer and folk music 
transcriber; see Musician Biographies. 


Earl Hines (1905-1983): American jazz pianist and composer. 
Dmitry Shostakovich (1906-1975): Soviet composer. 

Benny Goodman (1909-1986): American clarinetist and jazz 
bandleader. 

Woody Guthrie (1912-1967): American folk singer. 

Mahalia Jackson (1912-1972): American gospel singer. 

Billie Holiday (1915-1959): American blues singer. 

Thelonious Monk (1917-1982): American jazz pianist and composer; 
see Musician Biographies. 

Dizzy Gillespie (1917-1993): American trumpeter. 

Leonard Bernstein (1918-1990): American composer and conductor; 
see Musician Biographies. 

Pete Seeger (b. 1919): New York City urban folk singer; see Musician 
Biographies. 

Charlie Parker (1920-1955): American jazz musician; see Musician 
Biographies. 

Charles Mingus (1923-1979): American jazz bassist and composer. 
Ravi Shankar (b. 1920): Indian sitar virtuoso and composer; see 
Musician Biographies. 

Bill Haley (1925-1981): American rock bandleader and composer. 
BB King (b. 1925): influential blues musician; see Musician 
Biographies. 

John Coltrane (1926-1967): jazz saxophonist; see Musician 
Biographies. 

Miles Davis (1926-1991): American jazz musician; see Musician 
Biographies. 

Miles Davis (1926-1991): American jazz trumpeter, composer, 
bandleader. 

Stephen Sondheim (b. 1930): American musical theater composer. 
Elvis Presley (1935-1977): American rock-and-roll singer; see 
Musician Biographies. 

Steve Reich (b. 1936): American minimalist composer; see Musician 
Biographies. 

John Lennon (1940-1980): English pop musician and composer. 
Frank Zappa (1940-1993): American rock musician, bandleader, 
composer. 

Bob Dylan (b. 1941): American folk singer; see Musician Biographies. 


Bob Marley (1945-1981): Jamaican reggae musician. 
Michael Jackson (b. 1958): American rock singer and songwriter. 


Other Historic Figures 


Sigmund Freud (1856-1939): Austrian neurologist, founder of 
psychoanalysis. 

Joseph Conrad (1857-1924): English novelist. 

Alfred North Whitehead (1861-1947): English mathematician and 
philosopher. 

Edvard Munch (1863-1944): Norwegian painter. 

Alfred Stieglitz (1864-1946): American photographer. 

Frank Lloyd Wright (1869-1959): American architect. 

Mahatma Gandhi (1869-1948): Indian nationalist and pacifist. 
Orville Wright (1871-1948): American aircraft pioneer. 

Bertrand Russell (1872-1970): British philosopher. 

Willa Cather (1873-1947): American novelist and short story writer. 
Winston Churchill (1874-1965): British statesman. 

Robert Frost (1874-1963): American poet. 

Thomas Mann (1875-1955): German novelist; Nobel Prize 1929. 
D. W. Griffith (1875-1948): American director of 484 films. 

Jack London (1876-1916): American novelist. 

Hermann Hesse (1877-1946): German author; Nobel Prize 1946. 
Martin Buber (1878-1965): Austrian Jewish philosopher. 

Carl Sandburg (1878-1967): American poet. 

Albert Einstein (1879-1955): German physicist; Nobel Prize, 1921. 
Pablo Picasso (1881-1973): Spanish-born artist, active chiefly in 
France. 

James Joyce (1882-1941): Irish novelist. 

Virginia Woolf (1882-1941): English novelist and critic. 

Edward Hopper (1882-1967): American painter. 

Benito Mussolini (1883-1945): Italian fascist dictator. 

Franz Kafka (1883-1924): German writer. 

D. H. Lawrence (1885-1930): English novelist. 

Edna St. Vincent Millet (1892-1950): American poet. 

Sinclair Lewis (1895-1951): American novelist, Noble Prize, 1930. 
Oskar Kokoschka (1886-1980): Austrian Expressionist painter. 


Diego Rivera (1886-1957): Mexican painter and muralist. 

Le Corbusier (1887-1965): French architect. 

Georgia O’ Keefe (1887-1986): American painter. 

Marc Chagall (1887-1985): Russian-born French painter. 

T. S. Eliot (1888-1965): American poet. 

Eugene O’ Neill (1888-1953): American playwright. 

Adolf Hitler (1889-1945): Nazi dictator. 

Martha Graham (1893-1991): American dancer, choreographer, 
teacher, director. 

Mao Tse-tung (1893-1976): founder of Chinese Communist Party, 
leader People’s Republic of China. 

F. Scott Fitzgerald (1896-1940): American novelist. 

Ernest Hemingway (1899-1961): American novelist; Pulitzer Prize, 
1952. 

Martin Heidegger (1889-1969): German philosopher. 

Vladimir Nabakov (1899-1977): Russian-born American novelist. 
Alfred Hitchcock (1899-1980): English-born American film director. 
Enrico Fermi (1901-1954): Italian physicist; Nobel Prize, 1938. 
John Steinbeck (1902-1968): American novelist; Pulitzer Prize, 1940. 
George Orwell (1903-1950): English author. 

Graham Greene (1904-1991): English novelist. 

Salvador Dali (1904-1989): Spanish painter. 

J. Robert Oppenheimer (1904—1967): American nuclear physicist. 
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American Vernacular Music 


Western culture has tended to divide musical practices into two very broad 
fields, the vernacular and the cultivated. Vernacular refers to everyday, 
informal musical practices located outside the official arena of high culture 
—the conservatory, the concert hall, and the high church. The field of 
vernacular music is often further subdivided into the domains of folk music 
(orally transmitted and community based) and popular music (mediated for 
a mass audience). Cultivated music, often referred to as classical or art 
music, is associated with formal training and written composition. The 
boundaries between so-called folk, popular, and classical music are 
becoming increasingly blurred as we enter into the 21st century, due to the 
pervasive effects of mass media that have made music of all American 
ethnic/racial groups, classes, and regions available to everyone. 


Historians and musicologists now agree that America’s most distinctive 
musical expressions are found, or have roots in, its vernacular music. Early 
immigrants from Western Europe and the slaves stolen from Africa brought 


with them rich traditions of oral folk music that mixed and mingled 
throughout the 18th and 19th centuries to develop uniquely American 
ballads, instrumental dance music, and spirituals. By the early 20th century, 
the folk blues emerged and would go on to form the foundation of much of 
our popular music. Beginning with 19th century minstrel and parlor song 
collections, and threading through the 20th century recordings of Tin Pan 
Alley song, gospel, rhythm and blues, country, rock, soul, and rap, the print 
and electronic media fueled the growth of American popular musical styles 
that today have proliferated across the globe. Jazz, sometimes considered 
America’s “classical” music, certainly had roots in early 20th century folk 
and popular styles (see Chapter 7: Jazz). And many of America’s best- 
known classical composers including George Gershwin, Aaron Copland, 
Virgil Thomson, and Duke Ellington based their extended compositions on 
vernacular folk and popular themes (see Chapter 5: European and American 
Art Music since 1900). 


American Folk Music 


Folk music was once thought of as being simple, old, anonymously 
composed music played by poor, rural, nonliterate people representing the 
lower strata of our society (mountain hillbillies, southern black 
sharecroppers, cowboys, etc.). Today scholars have expanded the field by 
defining folk music as orally transmitted songs and instrumental 
expressions that are passed on in community settings and generally show a 
degree of stability over time. Rather than viewing folk expressions as 
vanishing antiquities, this perspective suggests folk music can be a dynamic 
process that continues to flourish within many communities of our modern 
society. Using this model popular music may be defined as mass-mediated 
expression that changes rapidly over time, and classical/art music as 
musical practices centered in formal training and written composition. 


In the late 19th and early 20th centuries, American folk music collectors 
wrote down the words and melodies to a variety of traditional expressions 
including Native American ritual songs, African American spirituals and 
work songs, Anglo American ballads and fiddle tunes, and western cowboy 
songs. Later they broadened their interest to include the traditional 
expressions of ethnic and immigrant communities such as the practices of 


Hispanic, Irish, Jewish, Caribbean, and Chinese Americans, most of whom 
lived in urban areas. With the advent of portable recording technology in 
the 1930s, folklorists like Alan Lomax began the task of documenting 
America’s folk music and compiling the Archive of American Folk Song, 
which today, along with the Smithsonian Folkways Recordings, offers 
students the chance to hear and study authentic regional folk styles. 


Most Anglo and African American folk genres are built around relatively 
simple (often pentatonic) melodies, duple or triple meter time signatures, 
and a series of harmonic structures built around the tonic, subdominant, and 
dominant chords. But much of the emotional appeal of folk music comes 
from the grain or tension of the voice. Vocal textures vary greatly, ranging 
from the high, tense, nasal delivery associated with white mountain singers, 
to the more relaxed, throaty, rough timbre of southern African American 
blues and spiritual singers. 


In addition to studying song texts and melodies, folk music scholars have 
paid a great deal of attention to the social function of folk music. They seek 
to understand how a particular song or instrumental piece works within a 
specific social situation for a particular group of people. For example, how 
do Native American chants and African American spirituals operate within 
the context of a religious or worship ceremony; how are Anglo and Celtic 
American fiddle tunes central to Appalachian and community gatherings; 
how did traditional blues and ballads reflect contrasting world views of 
southern blacks and whites; and how do West Indian steel bands and Jewish 
klezmer ensembles serve as markers of cultural pride? 


The self-conscious revival of folk music by middle-class urban Americans 
has been going on since the 1930s. During the Depression and WWII years, 
folk artists like Louisiana-born Huddie “Lead Belly” Ledbetter and 
Oklahoma-born Woody Guthrie introduced city audiences to rural folk 
music, and along with left-leaning topical folk singers like Pete Seeger, they 
helped spawn the great folk revival of the post-World War II years. olk 
music spilled into the popular arena with artists like the Kingston Trio; Burl 
Ives; Peter, Paul and Mary; and Bob Dylan writing and recording hit folk 
songs. 


Anglo American Ballads 


Ballads are basically folk songs that tell stories through the introduction of 
characters in a specific situation, the building up of dramatic tension, and 
the resolution of that tension. Ballads were originally brought to America 
by British, Scottish, and Scotch-Irish immigrants, many of whom 
eventually settled in the mountainous regions of the American south. 


The melodies of Anglo American ballads are simple, often built around 
archaic sounding pentatonic (five note) and hexatonic (six-tone) scales that 
may feature large jumps or gaps between notes. Songs are traditionally sung 
a cappella in a free meter style, or with simple guitar or banjo 
accompaniment. The voice is delivered in a high, tense, nasal style. 


Ballads are most often set in four line stanzas, with the second and fourth 
line rhyming: 


I was born in West Virginia, 
among the beautiful hills. 

And the memory of my childhood, 
lies deep within me still. 


While older British and Scottish ballads found in the American South dealt 
with themes of ancient kings, queens, and magical happenings in faraway 
places, the 18th- and 19th -century ballads that developed in America tell 
stories of everyday folk involved in everyday life events, usually set in the 
present or recent past. Sentimental and tragic love stories, often involving 
violence and death, were common. Many American ballads express strong 
moral sentiments, warning listeners about the consequences of irresponsible 
behavior: 


I courted a fair maiden, 

her name I will not tell 

For I have now disgraced her, 
and I am doomed to hell. 

It was on one beautiful evening, 
the stars were shining bright 
And with that faithful dagger, 


I did her spirit flight. 

So justice overtook me, 
you all can plainly see. 

My soul is doomed forever, 
throughout eternity. 


The sentimental and tragic themes of Anglo American ballads, along with 
the high-pitched, “whiny” vocal style, have survived and flourished in 20th- 
century popular country music. 


African American Spirituals and Gospel Music 


The African American Spiritual has its origins in the religious practices of 
18th- and 19th -century American slaves who converted to Christianity 
during the great awakening revivals. The earliest spirituals were African- 
style ring shouts, based on simple call and response lyrics chanted against a 
driving rhythm produced by clapping and foot stomping. Participants would 
shuffle around in a ring-formation and “shout” when they felt the spirit. 
More complex melodies and verse/chorus structures began to evolve, 
reflecting the influence of European American hymn singing, and 
accompaniment by guitar, piano, and percussion became common. Vocal 
ornamentations (slides, glides, extended use of falsetto), call and response 
singing, and blues tonality characterized these folk spirituals. In the 
reconstruction period black college choirs such as the Fisk Jubilee Singers 
arranged folk spirituals into four-part harmony, a form that became known 
as the concert spiritual. A blend of African and European musical practices, 
the spiritual epitomizes the sycretic (blended) nature of much American 
folk music resulting from the mixing of Africans and Europeans in the 
Americas. 


The texts of many spirituals are taken from Old Testament themes and 
stories. The slaves were particularly moved by Old Testament figures like 
Daniel (who was saved from the lion’s den), Jonah (who was delivered 
from the belly of the whale), Noah (who survived the flood), and David 
(who defeated the giant Goliath) who struggled and triumphed over adverse 
conditions. The plight of the Israelites and their escape from bondage to the 
promised land was an especially powerful story retold by the spirituals: 


e¢ When Israel was in Egypt’s land, 

e O let my people go! 

e Oppressed so hard they could not stand, 
e O let my people go! 

e Go Down, Moses, 

e Away down to Egypt’s land. 

e And tell old Pharaoh, 

e To let my people go! 


The spiritual’s emphasis on redemption and deliverance in this world have 
led historians to suggest the songs had double meaning for the slaves—they 
affirmed their belief in the Bible as well as their trust that a just God would 
deliver them from the evils of slavery. The spirituals are thus seen as 
expressions of religious faith and resistance to slavery. 


In the 20th-century spirituals evolved into the more urban, New Testament— 
centered gospel songs. Following the first “great migration” of southern 
African Americans to urban centers like Chicago, New York, and 
Philadelphia in the post-Word War I years, a new genre of black American 
sacred songs known as gospel began to appear. Unlike the anonymous folk 
Spirituals, gospel songs were composed and copyrighted by songwriters like 
Thomas Dorsey and Reverend William Herbert Brewster, and by the 1930s 
were being recorded by urban church singers. Some, like Mahalia Jackson, 
the Dixie Hummingbirds, and the Ward Singers, turned professional and 
reached national and international audiences through their tours and 
recordings. But most gospel singing remained rooted in African American 
church ritual, and to this day can be heard in black communities throughout 
the north and south. 


Musically, gospel is a blending of spirituals, blues, and the song sermons of 
the black preacher. Gospel songs are usually organized in a 16- or 32-bar 
verse/chorus form, often featuring call-and-response singing between a 
leader and a chorus. Blues tonalities are common, and singers are known 
for their intensive vocal ornamentations, which include bending and 
slurring notes, falsetto swoops, and melismas (groups of notes or tones sung 
across one syllable of a word). Gospel singers often end a song with a 
prolonged section of improvisation that combines singing, chanting, and 


shouting in hopes of “bringing down the spirit.” Lyrics are most often New 
Testament—centered, focusing on the redeeming power of Jesus and the 
singer’s personal relationship with the Savior. 


Although gospel lyrics are strictly religious in nature, gospel music derives 
much of its sound from blues and jazz. Likewise, gospel music has been a 
source for various secular styles, including early rock and roll, soul music, 
and most recently gospel rap. During the Civil Rights era the melodies of 
old spirituals and gospel songs were used with new lyrics expressing the 
need to overcome Jim Crow segregation. 


The Blues 


Blues music was the first significant form of secular music created by 
African American ex-slaves in the deep South in the late 19th and early 
20th centuries. Growing out of earlier black spirituals, work songs, field 
hollers, and dance music, the blues addressed the social experiences of the 
ex-slaves as they struggled to establish themselves in post—Reconstruction 
southern culture. 


Common themes addressed in early country blues songs were conflicts in 
love relations, loneliness, hardship, poverty, and travel. But it would be a 
mistake to assume that the blues were exclusively about sorrow—blues 
celebrated life’s ups and downs, and often reflected a keen sense of ironic 
wit and a resolve to struggle on against difficult circumstances. 


Most of the early recordings of country blues from the 1920s feature a solo 
male singer like Charlie Patton, Blind Lemon Jefferson, Blind Blake, and 
Son House, accompanying himself with an acoustic guitar. But blues 
singers also used banjos, mandolins, fiddles, and harmonicas, and often 
played in small ensembles that provided dance music at country juke joints. 
Although blues has been interpreted as a highly individualistic expression 
because of the solo voice and first person text, the music was often played 
in social settings where African Americans danced, communed, and 
solidified their group identity. 


Early blues lyrics were built around rhymed couplets that eventually 
became standardized in a 12-bar (measure) format that featured an AAB 
structure, with a couplet being repeated twice, and answered by a second 
couplet: 


e I woke up this morning, 

e I was feeling sad and blue.[A] 

e I woke up this moming, 

e I was feeling sad and blue.[A] 

e My sweet gal she left me, 

e got no one to sing my troubles to. [B] 


The tonality is major, most often built around a 12-bar (measure) 
progression of the I (tonic), [V (subdominant), and V (dominant) chords. 
The melodic line often features bent and slurred notes, with generous use of 
the flatted third and seventh tones (known as “blue” notes) of the diatonic 
scale. The meter is usually duple (4/4), and tempos may vary from a slow 
drag to a fast boogie. 


While the first blues were undoubtedly rural in origin, by the 1920s blues 
music had made its way to the city. Urban singers like Ma Rainey and 
Bessie Smith recorded and popularized sophisticated, jazz-tinged 
arrangements of blues in the 1920s, and composers like W. C. Handy 
incorporated blues forms into popular orchestral pieces like “St. Louis 
Blues” and “Memphis Blues.” In the post-World War II years the country 
blues was electrified and transformed into rhythm and blues (RnB) by 
Chicago-based artists Muddy Waters (McKinley Morganfield), Howlin’ 
Wolf (Chester Burnett), and Elmore James, and Memphis bluesman B. B. 
King. By the mid-1950s southern white singers like Elvis Presley, Jerry Lee 
Lewis, and Buddy Holly were blending rhythm and blues with elements of 
country music to create the new pop genre of rock and roll. 


Rock and Roll 


Perhaps America’s most influential contribution to the world of popular 
music has been the development of rock and roll in the 1950s. Many 
streams of folk and vernacular music styles, including blues, spirituals, 


gospel, ballads, hillbilly music, and early jazz, contributed to the evolution 
of rock and roll (RnR). But it was the convergence of African American 
rhythm and blues and Anglo American honky-tonk (country) music that led 
to the emergence of a distinctive new style that would dominate the field of 
popular music in post-World War II America. 


Honky-tonk, often referred to as the voice of the downcast, working-class 
southern whites, was the dominant form of country music during the 1940s 
and early 1950s, with Hank Williams being its most famous practitioner. 
The music featured the tense, nasal vocal style associated with the earlier 
ballad tradition, accompanied by twangy guitars and fiddles, and lyrics 
centered on stories of loneliness and broken love relationships. Rhythm and 
blues was an urbanized version of older country blues that developed in 
cities like Memphis and Chicago during and immediately after the Second 
World War. Singers like Muddy Waters, Howlin’ Wolf, and B. B. King 
shouted and pleaded to their audiences, backed by screaming electric 
guitars, amplified harmonicas, and a rhythm sections of drums, bass, and 
piano. The music was loud, aggressive, and sensual, with lyrics boasting of 
sexual conquest or lamenting failed love. 


The earliest rock-and—roll recordings were made by both white and black 
singers in the mid-1950s. The southern white artists like Elvis Presley, 
Johnny Cash, Carl Perkins, Jerry Lee Lewis, and Bill Haley were dubbed 
rockabillies because their sounds were rooted in hillbilly and honky-tonk 
country styles. Their covers of black rhythm and blues songs like “Rock 
Around the Clock” (Haley) and “Good Rockin’ Tonight” (Presley) provided 
some of the first and most powerful examples of how white country and 
black RnB could blend to form the new style of RnR. From the other side of 
the racial divide came black RnB singers like Chuck Berry, Little Richard, 
and Fats Domino, who cut their RnB sound with smoother vocals (and in 
Berry’s case country-influenced guitar licks) to forge a black style of RnR 
that was close (and at times indistinguishable) from that of their white 
counterparts. 


Thus, Rock 'n Roll was the inevitable result of an interracial musical stew 
that had been simmering in the southern United States for several centuries. 
Its appearance in the mid-1950s was no accident, because this was precisely 


when independent record companies like Sun (Memphis) and Chess 
(Chicago) and innovative radio stations like WDIA (Memphis) were 
beginning to bring black vernacular music to a burgeoning baby boomer 
audience and the nascent civil rights movements was increasing public 
awareness of black culture. R'nR was a popular style created in the studio 
and marketed directly for legions of young, predominantly white consumers 
who, thanks to the relative affluence of the post-World War II years, were 
in search of new leisure activities. 


Musically the earliest R'nR recordings were 12-bar blues played in an up- 
tempo 4/4 meter. Singers, black and white, would sometimes shout and 
snarl, but were careful to articulate their words in a style smooth enough for 
their predominantly white audiences to comprehend. The music was backed 
by a strong, insistent rhythm that accented the second and fourth beat of 
each measure, creating a sound that was easy to dance to. Rock’s gyrating 
singers and sensual dancing led many middle-class Americans, black and 
white, to condemn it as an immoral and corrupting force. When Elvis 
Presley first appeared on the nationally broadcast TV variety show hosted 
by Ed Sullivan in 1956, the cameras would only show him from the waist 
up in order to avoid his sexy moves that had earned him the title “Elvis the 
Pelvis.” 


The lyrics to the most successful early R'nR songs centered on teenage 
romance and adventure, recounting high times cruising in automobiles, 
dancing at the hop, and falling in and out of love. The lyrics to sexually 
suggestive R'nB songs covered by R'nR singers were consciously cleaned 
up so the music would be less offensive to middle-class (black and white) 
teens and their parents. Eventually the 12-bar blues form was eclipsed by 
the verse/chorus structure organized in 8- or 16-bar stanzas. As in earlier 
American popular songs, the repeated chorus was usually based on a simple 
but engaging melody (often referred to as the “hook”) that was easy to sing 
along to. 


In the 1960s groups like the Beatles and folk rock singer Bob Dylan 
transformed R'nR by writing more sophisticated lyrics addressing the 
complexities of love and sexual relations, alienation in Western society, and 
the utopian search for a new world through drugs and counterculture 


activities. Both American and British rock groups of the 1960s 
demonstrated that popular music could provide serious social commentary 
that had previously been associated with the arenas of modern art and 
literature and the urban folksong movement. Over the past four decades 
R'nR (often referred to as “rock” to differentiate it from the R'nR of the 
1950s) has evolved in many directions (art rock, heavy metal, punk, indie), 
often cross-pollinating with related styles like soul, funk, disco, country, 
reggae, and most recently hip-hop. At times rock has served as the political 
voice of angry and alienated youth, and at other times simply as good-time 
party and dance music. 


Rap 


Rap is poetry recited rhythmically over musical accompaniment. Rap is part 
of hip-hop culture, which emerged in the mid-1970s in the Bronx. Graffiti 
art and break-dance are the other major elements of hip-hop culture. Rap 
lyrics display clever use of words and rhymes, verbal dexterity, and intricate 
rhythmic patterning. Rap artists take on different roles and speak from 
perspectives ranging from comedic to political to dramatic, often narrating 
stories that reflect or comment on contemporary urban life. Rap artists may 
be soloists, or members of a rap group (or crew), and may recite in call-and- 
response format. Rap songs are generally in duple meter at a medium tempo 
(about 80 to 90 bpm). The musical accompaniment of rap is made up of one 
or several continuously repeated short phrases, each phrase combining 
relatively simple rhythmic patterns produced by acoustic and/or synthetic 
percussion instruments. Other sounds are often added for timbral variety, 
textural complexity, and melodic/harmonic interest. A bass line provided by 
electric bass guitar or synthesizer reinforces the meter and defines the tonal 
center. 


Old School Rap (1974-1986) 


Old school rap was created by DJs (disc jockeys) and one or more MCs 
(originally Master of Ceremonies, later Microphone Controller). DJ Kool 
Herc began this period, providing a portable sound system and spinning 


records for dances at outdoor parties and small social clubs. He noticed that 
b-boys and b-girls favored dancing to the “break” in a record, the short 
section of a song when the band drops out and the percussion continues. 
Using two copies of the same record on two turntables, Herc was able to 
make the break repeat continuously, creating the “breakbeat” that became 
the basic musical structure over which the MC spoke or rapped. DJs 
Grandmaster Flash, Jazzy Jeff, and Grand Wizard Theodore invented 
additional turntable techniques: “blending” different records together, 
scratching (manually moving the record back and forth on the turntable to 
create rhythmic patterns with scratchy timbres), and mixing in synthetic 
drum sounds and other effects. An excellent example of turntable 
techniques is Flash’s The Adventures of Grandmaster Flash on the Wheels 
of Steel (1981). DJs, most importantly Afrika Bambaataa, also promoted 
hip-hop culture through parties and other events spread by word of mouth 
and at venues throughout New York City. 


At first MCs spoke over records in the Jamaican DJ traditions of toasting 
(calling out friends’ names) and boasting (touting the superiority of their 
own sound system and DJ skills). Both traditions became central elements 
of the assertive and competitive spirit of rap and hip-hop. Rap drew on 
other African-American sources for some of its important features: the 
improvisational verbal skills and call-and-response format of the dozens (an 
African-American verbal competition trading witty insults), the rhyming 
aphorisms of heavyweight champion Mohammed Ali (“Float like a 
butterfly, sting like a bee / Your hands can’t hit what your eyes can’t see”), 
the songs and vocal stylings of the great soul-funk artist James Brown, and 
The Last Poets, whose members spoke or chanted politically charged poems 
over drumming.The first MCs to develop extended lyrical forms by 
rhyming over break beats were Grandmaster Caz and DJ Hollywood. The 
interplay of vocal and accompaniment rhythms, rhyme schemes, and 
phrasing are the main elements of what is known as flow. Old school flow 
is more regular and less syncopated than later styles. Two-line units 
(couplets) rhyming at the end of the lines are common during this period, 
such as, “Pump it up homeboy, just don’t stop / Chef Boy-ar-dee coolin’ on 
the pot” (The Beastie Boys). Before rap entered into the mainstream 
entertainment industry, portable cassette players provided a cheap and 
robust route of dissemination for the music throughout the city. It was the 


success of Sugar Hill Gang’s Rapper’s Delight, issued on a small 
independent label in 1979, that brought rap to national attention and gave 
the genre its name. MC Kurtis Blow’s The Breaks (1980), and Rapture by 
the pop group Blondie (1981) are also milestones in the early history of rap. 


During the first part of the 1980’s the entertainment industry was slow to 
realize rap’s potential and it was left to entrepreneurs like Russell Simmons 
to popularize rap and to demonstrate its long-term commercial viability by 
organizing national hip-hop concert tours and producing hits by many of the 
most important artists of the period including L.L. Cool J, Slick Rick, and 
Foxy Brown. Independent films like Wild Style, Beat Street, and Style 
Wars, introduced hip-hop to a global audience. Rap music videos began to 
be produced and all-rap radio stations began broadcasting. Independent 
labels gained ground and rap was incorporated into the established 
recording and distribution industry. By 1986 hip-hop culture was the most 
successful popular music in the nation, and rap had developed in three 
general directions. Pop rap (or party rap) is light, danceable, and often 
humorous; it quickly became a crossover genre, generating national hits by 
Salt-N-Pepa (the first successful female rap group), MC Hammer, Vanilla 
Ice, and many others. Rock rap combines the vocalizations of rap with the 
sounds and rhythms of rock bands. The hip-hop trio Run-D.M.C. brought 
rap rock to national prominence with King of Rock (the first hip-hop 
platinum album, 1985). The Beastie Boys, the first white rap group, 
appealed to a youth market by smartly combining humor and rebellion in 
songs from their 1986 debut album Licensed to Ill. Rock rap set the stage 
for other hybrids that flourished in the 1990’s such as Rage Against the 
Machine and Linkin Park. Socially conscious rap portrays and comments on 
the urban ills of poverty, crime, drugs, and racism. The first example is 
Melle Mel’s The Message (1982), a series of bleak pictures of life and death 
in the ghetto. 


New School Rap 


New school rap dates from 1986 when Rakim and DJ Eric B introduced a 
vocal style that was faster and rhythmically more complex than the simple 
sing-song couplets of much old school rap. Writers (rap poets/performers) 


in the new “effusive” style, notably Nas, employed irregular poetic meters, 
asymmetric phrasing, and intricate rhyme schemes, all of which added 
depth and complexity to the flow. Much of the new music (and new styles 
of graffiti and dance) came from the West Coast, and increasingly from the 
South and Midwest. Hip-hop culture was spreading to Europe and Asia as 
well. 


The accompaniment for rap also became more complex and varied. CD’s 
largely replaced vinyl records and samplers became commercially 
available. Producers working with samplers, programmable drum machines, 
and synthesizers could, with the push of a button, mix and modify sounds 
imported from a virtually unlimited selection, and so largely replaced DJs 
as the creators of rap’s musical accompaniment. The New York production 
team Bomb Squad and producers RZA and DJ Premier layered multiple 
samples to create dense, harmonically rich textures and grating “out of 
tune” combinations of sounds, while West Coast producers developed G- 
funk by using live instrumentation and conventional harmonies associated 
with funk music. 


The year 1988 was an important turning point for rap. The Source, the first 
magazine devoted to rap and hip-hop, appeared that year, and was soon 
followed by Vibe, XXL and many others. The first nationally televised rap 
music videos on Fab Five Freddy’s weekly show “Yo, MTV Raps!” brought 
hip-hop images and dances to national attention. That same year four new 
rap genres emerged, partly in response to worsened social conditions in 
black urban communities: unemployment, drastic cutbacks in education, the 
crack cocaine epidemic, proliferation of deadly weapons, gang violence, 
militaristic police tactics, and Draconian drug laws all leading to an 
explosion in the prison population. Political rap was led by writer KRS- 
One, with Boogie Down Productions whose album By All Means 
Necessary explored police corruption, violence in the hip-hop community, 
and other controversial topics. On the West Coast, N.W.A. were cultivating 
harsh timbres and a raw angry sound in their nihilistic tales of Los Angeles 
police violence and gang life in Straight Outta Compton, the first gangsta 
rap album. Jazz rap, characterized by use of samples from jazz classics and 
positive, uplifting lyrics was introduced by Gang Starr (DJ Premier and MC 
Guru) and hip-hop group Stetsasonic. Another answer to West Coast 


gangsta rap was New York hardcore rap, led by producer Marley Marl 
whose hip-hop collective The Juicy Crew achieved their breakthrough with 
the posse track The Symphony. Each genre had important followers. Black 
nationalism informed the political lyrics of Public Enemy (led by Chuck D) 
whose critical and commercial success in 1988-90 proved the crossover 
appeal of the new wave of socially conscious rap. Houston-based gangsta 
rap group The Geto Boys combined ultra-violent fantasies with cutting 
social commentary in a blues-inflected style that came to characterize the 
“Dirty South” sound in their 1990 debut album. Jazz rap’s Afrocentric 
lyrics, fashion, and imagery were shared by important new rap artists Queen 
Latifah and Busta Rhymes. Latifah provided a feminist response to the 
often misogynist lyrics of male rappers. Wu-Tang Clan’s Enter the Wu-Tang 
(1993) reclaimed New York’s reputation for cutting-edge hardcore rap. The 
minimalist production style on the album by this Staten Island group was 
much imitated through the next decade. 


In the 1990’s a style called new jack swing originating with producers 
Teddy Riley and Puff Daddy integrated R'nB into rap and softened rap’s 
hardcore content while retaining the edge of black street culture. Notorious 
B.I.G.’s Juicy from Ready to Die (1994) exemplifies the laid-back vocal 
delivery and slower tempo that characterize new jack. Lil’ Kim’s rap on 
Gettin’ Money captures the “ghettofabulous” image of the new jack rapper 
in lyrics that mix gats and six-shooters with Armani and Chanel. The song 
draws on the iconic American figure of the Mafia don to create metaphors 
that celebrate materialism and luxury. Tupac Shakur and Notorious B.I.G. 
were the most critically acclaimed and best-selling rappers during the 
middle of the 1990’s. Shakur was murdered in 1996 and Notorious B.I.G. in 
1997. In the eyes of many fans, hip-hop had lost its two greatest artists. 
Three important figures—Eminem, Jay-Z, and Missy Elliott—led rap into 
the new millennium. 


Jazz 
Chapter 7: Jazz in textbook Music 1300. 


American Vernacular Music 


Characteristic Features 


Although most people have heard of jazz, and many recognize it when they 
hear it, the music is notoriously hard to categorize. There is simply no 
single description that can account for the vast number of styles and genres 
that have been placed under the jazz “umbrella.” In fact, some musicians 
(Duke Ellington, Randy Weston, and others) have avoided using the term 
altogether, finding the concept too confining. The term itself (and its variant 
“jass”) did not appear until the 1910s, after jazz was already a well- 
established idiom, and has been applied to many types of music that most 
purists would not consider “true” jazz at all, from the novelty piano rags of 
Zez Confrey in the 1920s to the instrumental pop music of Kenny G in the 
1980s and 1990s. 


A few general comments can be made about the music, however. We know, 
first of all, that jazz was a music created primarily by African Americans, 
and it has deep roots in traditions that go back as far as the African 
traditions brought by slaves to America during the Middle Passage. Related 


to this are two dualities that virtually all types of jazz share. These dualities 
create a vibrant tension in the music that gives jazz much of its power. 


Spontaneity vs. planning 


Contrary to some popular beliefs, playing jazz is not simply a matter of 
musicians playing whatever they feel like. Improvisation—creating new 
music on the spot—is a vital part of almost all jazz traditions (see below), 
but it nearly always takes place in the context of some larger structure that 
is planned in advance. This planning can be as simple as deciding who 
plays what when (the order of the solos, for example) and as complicated as 
a completely written-out arrangement in which most of the musicians are 
guided by notes printed on the page. At the very least, musicians will 
usually decide in advance the tune that will serve as the basis for their 
improvisations. Perhaps another way to put this is to think of jazz as a very 
“free” music, one that allows players to explore a variety of means of self- 
expression, but that at the same time, with freedom comes responsibility. 
Some type of underlying organization must be in place or the result is 
chaos. 


Individuality vs. collectivity 


From the very beginning of jazz’s history, a premium has always been 
placed on musicians who create their own sound—one that is highly 
personal and instantly recognizable. Whereas classical musicians will learn 
the “correct” and “incorrect” ways to play their instruments, for the jazz 
musician, there is no “proper” way to make a sound. Though some jazz 
musicians study their instruments in conservatories, many also learn simply 
by picking up an instrument and figuring out how to make a sound they 
like, whether or not it has anything to do with “acceptable” technique. The 
great New Orleans clarinetist and soprano saxophonist Sidney Bechet, for 
example, developed a totally idiosyncratic technique on his instrument— 
one that would make a classical musician cringe—simply by 


experimentation, but he had an enormous, rich, and passionate sound that 
was impossible to duplicate. 


Many jazz musicians start their careers by copying another jazz musician 
outright (legions of saxophonists, for example, have learned Charlie Parker 
solos by heart) but at some point they must learn to develop their own voice 
or the music becomes stale. In fact, one of the most damning criticisms a 
jazz musician can levy at another is to say “he or she is just a Charlie Parker 
imitator.” At the same time, all great jazz musicians are also good listeners, 
who take pleasure in what the fellow members of their group are trying to 
“say” with their instruments, and will often directly respond to ideas that 
are tossed out as part of an improvisation. In addition, all members of a jazz 
group pay close attention to how they sound as a group; brilliant solos are 
only as good as the context in which they are heard. Therefore, in any jazz 
performance there is always an interesting tension between attempts to 
sound like a true individual, as well to be a member of the “collective.” 


A few more specific features of the jazz tradition can be outlined, and many 
are related to the dualities discussed above. 


1. Improvisation. Improvisation of some type is nearly always part of a 
jazz performance. Even if musicians are reading notes on a page, they 
can “improvise” through the way they attack or color a note, or the 
rhythmic impulse they bring to the music. In early jazz musicians often 
improvised by creating variations on a given melody. As the tradition 
developed, it became more common to use a chord progression as the 
basis for entirely new melodies. In more recent jazz traditions, even 
chords are abandoned and musicians will simply improvise on a scale, 
a motive, or even just a tonal center. No matter how they improvise, 
however, most musicians have a set of phrases (called “licks”) that lie 
easily under their fingers and can be used and reused in a variety of 
contexts. Charlie Parker, for example, had many signature “licks” that 
make his style instantly recognizable. In other words, jazz musicians 
do often play musical lines they have played before, but where they 
place these lines, and how they play them, is part of the art of 
improvisation. 


2. Instrumentation. Certain instruments have become strongly associated 
with the jazz tradition, mainly because of their tone color and ability to 
fit into an ensemble or carry a chord structure. And, from its earliest 
history, there has been a common division of some of the instruments 
into a subsection known as the “rhythm section” that maintains the 
rhythmic drive and reiterates the chord progression for other 
improvising musicians. Ensembles have continued to evolve, however, 
due to improvements in microphones and recording technology. 

3. The blues. Nearly all jazz has some connection, even if subtle, with the 
African American blues tradition, in performance technique, common 
forms used, and overall musical “feel.” In fact, there are those who 
would claim that when the music loses its connection to the blues, it 
ceases to be jazz. (This is the claim often used to prove that Kenny G. 
is not a jazz musician, even though he plays an instrument associated 
with jazz—the soprano saxophone—and improvises. His references to 
blues traditions, when they exist at all, are so stylized that they lack 
any strong connections to the genuine article.) 

4. Performance technique. Largely out of the blues tradition comes the 
jazz player’s proclivity for creating “new” sounds on his or her 
instrument, and using that instrument in an idiosyncratic way. Often 
these techniques mirror the use of the voice in various African 
American traditions; we know, for example, that the bending of pitches 
and growling or rasping sound often used by jazz musicians mirror 
black vocal traditions such as the blues, as well as both speech and 
singing in black church music. Listen to Louis Armstrong as both a 
vocalist and a trumpeter, and you will note there is little difference 
between the two. In addition, many people have likened the high 
pitches (usually out of the normal sound range of an instrument) 
associated with certain players such as saxophonist John Coltrane to 
“screams,” even though they may reflect excitement or intensity on the 
part of the performer, rather than anguish. Such “screams” or 
“squeaks” are something to be carefully avoided in Western classical 
music, but many jazz musicians incorporate them into their 
improvisations intentionally. 

5. Rhythm. Most jazz performances employ a subtle rhythmic sense that 
is often called “swing” or “swing feeling” (note this is a different 
meaning of the term than that used below to describe a style and era of 


jazz). This “swing feeling” is virtually impossible to define in words 
(one musician once noted: “if you gotta ask what swing is, you’ll never 
know”) but it is very different than the subtle pulse of most Western art 
music, the driving beat of popular music, or the dense polyrhythmic 
effect of many African traditions. Think of “swing” as a special kind 
of groove that is unique to jazz; it creates the subtle forward thrust of 
the music and often is what makes you tap your foot. Especially in the 
1930s and 1940s, it was the “swing feeling” mastered by groups such 
as those led by Count Basie and Benny Goodman that made audiences 
leave their seats for the dance floor. 


Brief History 


The great sweep of jazz’s first century is usually loosely divided into five 
general periods: (1) the music’s origins and the emergence of its early 
masters; (2) the so-called “Swing Era” when the music was the popular 
music of the United States (and much of the world as well); (3) the 
emergence of bebop in the early 1940s; (4) the avant-garde movement of 
the late 1950s and early 1960s; and (5) the “fusion” movement of the 1970s 
and beyond, in which jazz absorbed influences from a variety of other 
musical traditions, including rock. Yet, though some categorization is 
necessary to make sense of this music’s unique and fascinating path through 
history, such classifications must be used with care, for a newer style does 
not necessarily replace an older one. It is possible, in fact, to hear virtually 
any style of jazz being played in the 21st century; some musicians look 
back to the work of earlier performers, while others continue to push the 
music into new realms, often absorbing elements of other genres (including 
world music and hip-hop) along the way. 


I. Early Jazz 


Although New Orleans is often touted as “The Birthplace of Jazz,” it is 
actually impossible to limit the music’s emergence to a single geographic 
location. It is clear that vernacular music traditions that would feed into 
emerging jazz were developing throughout the country at the turn of the 


19th century. Yet, New Orleans did supply a distinctive style of jazz, and 
most of the greatest early practitioners of the music (Louis Armstrong, 
Sidney Bechet, Ferdinand “Jelly Roll” Morton, and others) came from this 
vibrant cultural melting pot, where blues, classical music, ragtime, church 
music, and other traditions combined to help create the irresistible, largely 
improvised music that took the country by storm in the 1920s. The first 
recordings of jazz were actually made in in New York in 1917 by a white 
group, The Original Dixieland Jazz Band, an ensemble made up of Italian 
Americans from New Orleans, but the true birth of jazz recording is usually 
traced to the magnificent recordings made in 1923 by King Oliver and His 
Creole Jazz Band, in which Armstrong played second cornet to Oliver’s 
lead. Joining the migration of many African Americans to northern cities 
during the so-called “Great Migration” from the South in the late teens and 
early 1920s, Oliver, Armstrong, Morton, and many other musicians built 
careers in Chicago, where the music flourished and some of the early 
masterpieces by Armstrong and Morton were recorded. Many of these 
performances include what has become known as “collective 
improvisation”—everyone appearing to improvise simultaneously in a 
densely polyphonic texture—though we now know that a considerable 
amount of planning went into these “improvisations.” Armstrong, however, 
partly with the encouragement of his wife Lillian Hardin Armstrong, soon 
emerged as one of the greatest musicians in the country, and since his 
ground-breaking recordings of the mid and late 1920s, jazz has been largely 
considered (rightly or wrongly) an art that celebrates the virtuoso soloist. 


II. The Swing Era 


In the 1930s, New York City became the center of jazz activity, as it has 
remained to the present day. In addition, partly because of the huge demand 
for dance music (the country was in the midst of the Depression and dance 
—along with movies—provided escape from the dismal realities of daily 
life) and the sizeable venues into which jazz musicians were booked, jazz 
bands became larger, often with entire sections of reed and brass 
instruments. In addition, the saxophone—considered largely a joke 
instrument in the 1920s—emerged as the jazz instrument par excellence 
(perhaps because of its versatility and similarity to the human voice). This 


was the era of the jazz big band, and of groups such as those led by Duke 
Ellington, Benny Goodman, and Count Basie. It was also the heyday of the 
jazz arranger, who took on the responsibility of laying out specific parts for 
members of the band (often in notation) as well as incorporating 
improvisation, for collective music-making was no longer feasible in a 
group of 15 or more musicians. Many of the era’s greatest soloists— 
saxophonists Coleman Hawkins, Lester Young, Johnny Hodges and Ben 
Webster, clarinetists Goodman and Artie Shaw, trumpeters Roy Eldridge, 
Red Allen and Cootie Williams (as well as Armstrong, of course)—played 
with these big bands. Big band jazz swept the nation, becoming the most 
popular type of dance music on the scene, and resulting in the creation of 
thousands of records. In addition, radio, which had begun to have an impact 
on American culture in the 1920s, exploded into one of the country’s most 
important media. 


III. Bebop 


Largely because of financial hardships brought on by World War II, the 
popularity and economic feasibility of big band jazz began to wane in the 
1940s. But a host of young musicians had already begun experimenting 
with new approaches to the music, whether out of boredom, a sense that 
African American musicians were being exploited in big bands, or simply 
the natural tendency of creative minds to evolve. These developments went 
largely undocumented, as they often took place in late-night, informal jam 
sessions. In addition, in the early 1940s the Musician’s Union called for a 
ban on all recordings (in protest over the fact that musicians were not being 
recompensed for the airplay of their records), so the brewing sea change in 
jazz went largely unrecorded. Yet, by 1945 trumpeter Dizzy Gillespie and 
alto saxophonist Charlie “Bird” Parker, along with pianists Thelonious 
Monk and Bud Powell and drummers Max Roach and Kenny Clarke, had 
essentially redefined jazz. Though their music, which became known as 
“bebop,” remained firmly rooted in past jazz traditions, they promoted a 
return to small-ensemble music, and greatly expanded jazz’s harmonic, 
rhythmic and melodic possibilities. They also seemed to suggest that jazz 
be taken more seriously as an art form, rather than dance music (though 
Gillespie once commented, when a listener complained that he couldn’t 


dance to bebop, “YOU can’t dance to it!”). This music of 1940s created the 
foundation for nearly all modern jazz, and saw an important separation 
between the music and social dancing. In addition, the popularity of jazz 
began to be supplanted by the emerging idioms of R'n'B and R'n'R. 


IV. The Avant-Garde 


Jazz musicians continued to explore the terrain opened up by Parker and 
Gillespie and others during the 1950s. Some created music even farther 
distant from the popular and accessible music of the 1930s, while others 
tried to counteract what they saw as the more “cerebral” aspects of bebop 
by playing music more deeply rooted in the blues and gospel. In 1959, a 
group led by saxophonist and composer Ornette Coleman (which had been 
playing to small and largely hostile audiences on the West Coast) took their 
inventive styles to New York. Coleman’s music often did away entirely 
with usual ideas of improvising on a melody or chord progression. The 
work of Coleman and his compatriots is often referred to as “Free Jazz” (the 
name of an album Coleman recorded in 1960) but the idiom was not quite 
as loose as the name suggests, with often a tonal center or motive providing 
an important organizing principle, and close dialogue between the various 
musicians a crucial feature of the music’s overall effect. Nevertheless, 
Coleman’s music, which also revolutionized the roles of the various 
instruments in the ensemble, was highly controversial, as was his own edgy, 
often harsh instrumental tone and idiosyncratic technique, which some saw 
as evidence of poor musical training. Some musicians rejected the new 
styles entirely, while others—most notably, perhaps, saxophonist John 
Coltrane—were strongly influenced by them. Even trumpeter Miles Davis, 
though reportedly not a fan of avant-garde jazz, seems to have incorporated 
some of its traits in the work of his famous 1960s quintet, which featured 
saxophonist Wayne Shorter, bassist Ron Carter, drummer Tony Williams, 
and pianist Herbie Hancock. 


V. Fusion and Jazz-Rock 


In 1969 Miles Davis made the highly controversial move of including 
electric instruments on his In A Silent Way and Bitches Brew albums, 
adding as well rhythmic structures aligned with rock and soul. Many 
accused Davis of “selling out”—of trying to pander to popular music tastes 
of the time—but though Davis was certainly interested in expanding his 
dwindling audience, he also heard fascinating possibilities in the work of 
Sly and the Family Stone, James Brown, and Jimi Hendrix. Many alumni 
from Miles’s “electric” groups went on to form fusion bands of their own— 
keyboardist Chick Corea with Return to Forever, Wayne Shorter and 
keyboardist Joe Zawinul with Weather Report, guitarist John McLaughlin 
with The Mahavishnu Orchestra, and Herbie Hancock with a group that 
produced the hugely popular Headhunters album in 1973. Though many 
critics complained that their music “wasn’t jazz,” it did maintain 
improvisation and connections with the blues that had always been a part of 
the jazz tradition. 


VI. The 1980s and Beyond 


The last three decades have seen the extension of many of jazz history’s 
streams, as well as the promotion of jazz as an art worthy of academic 
discourse. In the 1980s, New Orleans-born Wynton Marsalis, himself an 
alumnus of drummer Art Blakey’s Jazz Messengers, emerged as one of the 
most important spokespersons for the music. Though widely criticized by 
many as musically conservative, he has done much for the promotion of 
jazz worldwide, especially in his role as director of Lincoln Center’s jazz 
program. As it always has, the art of jazz continues to evolve and reflect 
changing political and economic climates, as well as absorbing other music 
that emerges in the now-digital age. 


Repetition: The Power of Consistency in Music 

Music relies primarily on repetition to help it make sense to the listener. In 
popular music and children's songs, the repetition is often very literal and 
direct, making the music more immediately accessible. In art-music, aka 
Western classical music, the repetition is often varied and transformed. This 
makes the repetition flexible, capable of assuming of many forms and 
moods. 


The Power Of Consistency 


Imagine that you are standing at a craps table in a casino. You don’t know 
the rules, and are trying to learn the game through observation alone. You 
would notice certain consistencies: One player at a time throws two die, 
which must always fall on the craps table. Certain actions provoke certain 
reactions: If the shooter throws a two, the “house” always calls out “Snake 
eyes” and the shooter is replaced. Through careful observation, you could 
rapidly apprehend the rules. Not only that, you would soon become caught 
up in the game. You would never know what would happen next: Every roll 
would be unexpected; bets would be waged in surprising, shifting patterns. 
Yet everything that did happen would fall within comprehensible 
parameters. 


Similarly, a music listener relies on consistency to understand what is 
happening. Many times, we do not consciously recognize these 
consistencies. A key part of appreciating music is to learn to become 
conscious of and articulate the most essential consistencies of a musical 
work. 


What were to happen if the consistencies were suddenly broken? Suppose 
you are standing at the craps table, elbow to elbow with the other gamblers, 
calmly stacking your chips. A shooter steps forward and throws only one 
die, then two, then three. When he throws twelve die, everyone at the table 
throws their die all at the same time. You would pull your chips off the 
table: Its consistencies broken, the game would have become 
incomprehensible. 


Similarly, if you were to change the basic premises of a piece of music in 
the middle, how would the listener be able to make sense of what 
happened? In craps, you would withdraw your bets; in music, you might 
withdraw your attention. 


Consistency does not imply predictability or monotony. In any game, the 
consistencies must be flexible enough to allow for an endless variety of 
play. Consider the following example from baseball. Perhaps the strangest 
no-hitter of all time occurred in the 1920’s: The opposing pitcher, the worst 
hitter on the team, hit a line drive to the gap and legged out a double. But, 
in rounding first base, he missed the bag and was called out on an appeal 
play; that erased his hit, turning it into an out. He and his teammates never 
mustered another hit. This no-hitter was so rare, it has only happened once 
in the history of baseball. Yet no rules were broken: Instead, the 
consistencies of baseball were stretched to allow something exceptional. 


Similarly, the consistencies in a piece of music still leave plenty of room for 
the unexpected and the unusual. Composers often strive to see how far they 
can stretch their consistencies without breaking them. As an illustration, 
consider a classical theme and variations. The composer begins by 
presenting a theme. He or she then repeats the theme over and over, 
preserving certain aspects of the theme while varying others. Although each 
variation is unique, they share an underlying identity. In general, the 
variations tend to get farther and farther removed from the original. The 
later variations may be so disguised that the connection to the original is 
barely recognizable. Yet, like the rare no-hitter, no “rules” are broken: The 
marvel of these late variations is that the composer has managed to stretch 
the consistencies so far without actually violating them. 


For instance, listen to the first half of the theme from Beethoven's Piano 
Sonata in c-minor, Opus 111. 


Example: 


From this austere first statement, listen to how far Beethoven stretches his 
theme in this variation. 


Though the theme is still recognizable, its consistencies have been 
stretched: It is in a higher register. The texture is more complex, with a 
very rapid accompaniment. The melody is more flowing, with new 
material filling in the theme's original resting points. While staying true to 
the theme's identity, this variation pulls the theme unexpectedly far from its 
original starkness. Baseball manager Bill Veeck once said: "I try not to 
break the rules, but merely to test their elasticity." The same may be said of 
music's greatest composers. 

Each listener's reaction to the Beethoven variation will be personal, the 
words and metaphors to describe it subjective. But, as subjective as these 
emotional responses may be, it is the stretching of the material that has 
called them forth. The transformations are readily accessible to the ear and 
can be objectively described: The variation is not lower than the theme, it 
is higher; it is not more restful, it is more active and continuous. 
Appreciating music begins with recognizing how much we are already 
hearing, and learning the ability to make conscious and articulate what we 
already perceive. 


Repetition and pattern recognition underlies how we understand almost 
everything that happens to us. Physics might be described as an effort to 
discover the repetition and consistencies that underlie the universe. One of 
the powerful modern theories proposes that the basic element of the 
universe is a “string.” The vibrations of these infinitessimally small strings 
produces all the known particles and forces. To string theory, the universe is 
a composition on an enormous scale, performed by strings. Continuity and 
coherence are created through the repetition of basic laws. Miraculously, 
out of a few fundamental elements and laws, enormous complexity, 
constant variety and an unpredictable future are created. 


We ourselves are pieces of music, our personal identities created through an 
intricate maze of repetition. Every time we eat and breathe, new molecules 


are absorbed by our bodies, replenishing our cells and changing our 
molecular structure. Yet, though countless millions of molecules are 
changing inside us every minute, we feel the continuity of our existence. 
This sense of self that we all feel so tangibly is really a dazzling 
performance: The new molecules maintain our identity by constantly 
repeating our basic structures. 


Thus, repetition lies at the heart of how we understand music, ourselves and 
our world. We have a great faith in the richness and significance of 
repetition. In listening to music, we rely on repetition as the bearer of 
meaning. 


Repetition of Different Sizes 
Repetitions come in different sizes, from small gestures to entire sections. 


The repeating element may be as brief as a single sound. For instance, 
Arnold Schoenberg's Piano Piece, opus 19, no. 2, opens with an "atomic" 
sound that repeats over and over. 


Example: 
Listen to the entire one-minute work. You will notice that, as everything 
changes around it, this repeating sound remains like a "beacon" of stability. 


More commonly, the repeating element is a short figure, often called a 
motive. 


Example: 
Here is the famous motive of Beethoven's Symphony No. 5. 


In the opening phrase, this short figure is repeated eleven times, with 
greater and greater intensity: 


Example: 

In the "Anvil Chorus" of Wagner's Das Rheingold, the short figure is a 
rhythmic pattern. In this brief excerpt, the rhythmic motive is repeated six 
times as the orchestra builds in intensity on top of it. 


But repetition of longer units can occur. A phrase is a complete musical 
thought; it is often compared to a sentence. The opening phrase of Mozart's 
Symphony in g-minor has a lot of internal repetition. But it also creates a 
longer musical statement that is repeated, sinking slightly in pitch the 
second time. 


Example: 
Here is the phrase by itself: 


Here is the phrase with its repetition: 


Notice that, in the approximately the same amount of time that Beethoven 
is able to repeat his motive eleven times and Wagner six, Mozart is only 


able to repeat his longer phrase twice. 


Example: 
Here is a similar example from Igor Stravinsky's ballet Pétrouchka. Similar 
to the Mozart, notice that the phrase is repeated in a slightly new form. 


Example: 

Even longer units of repetition can occur. A group of phrases can be joined 
together to create a theme; this might be compared to a paragraph. In the 
following example from Beethoven's Piano Sonata, Opus 53, "Waldstein," 
the theme again contains a lot of internal repetition. But the theme itself is 
repeated in its entirety, with a more animated accompaniment. 


Example: 
In this excerpt from Bela Bartok's Concerto for Orchestra, the theme is 
repeated with a more elaborate instrumental accompaniment. 


Example: 

Finally, even a complete section of music can be repeated--a scale that 
might be likened to a chapter. This is what happens in Luciano Berio's brief 
folk song, Ballo. 


Thus, repetition can occur in a variety of sizes, from "atomic" elements to 
longer time-spans. 


Local and Large-scale Repetition 


Repetition is often local and immediate. But repetition, especially of larger 
units, can occur after intervening music has taken place. 


Example: 
For instance, in Beethoven's Bagatelle, Opus 126, no. 4, the following 
section occurs: 


After intervening music, the entire section is repeated exactly and in its 
entirety. The excerpt picks up at the transition to the return: 


When a repetition occurs after intervening music, we will call it a 
recurrence. The module "Time's Effect on the Material" is devoted to the 
study of recurrence. 


Thus far, we have seen that musical repetition can occur in different sizes 
and over different time-spans, from local to large-scale. We have also seen 
that smaller repetitions can be "nested" inside of larger ones: Notice, for 
instance, how the section from Beethoven's Bagatelle has internal repetition 


of short patterns and longer phrases, and also eventually recurs in its 
entirety. 


Maximizing the Minimum 


In popular music--as well as children's songs--repetition is often literal and 
direct. This makes the music more readily accessible and immediately 
intelligible. 


Example: 

For instance, in this folk song sung by Pete Seeger, a short musical idea is 
repeated over and over exactly the same--sixteen times in a mere thirty 
seconds. On top of the quickly cycling music, Seeger presents a rapid fire 
list of animal names... 


What distinguishes classical music from most pop music is that, in classical 
music, the repetition is more frequently varied and transformed. This 
makes the repetition flexible, capable of assuming of many forms and 
moods. When Elizabeth Barrett Browning writes "How do I love thee--let 
me count the ways/I love thee to the depth and breadth and height my soul 
can reach...I love thee to the level of every day's most quiet need....I love 
thee freely, I love thee purely," she is using varied repetition to make her 
point. Similarly, one of the guiding principles of art-music is repetition 
without redundancy. The music will repeat its main ideas, but constantly 
in new ways. 


In the popular "South Beach Diet," dieters are at a first restricted to a very 
limited regimen of foods: no bread, fruit, alchohol or sugar. The challenge 
of the diet is to create a varied menu from such a circumscribed list of 

ingredients. Otherwise, the dieter will begin to stray. So, a lot of effort and 


inventiveness goes into designing recipes that makes the daily staples lively 
and tasty. 


In classical music, the goal is similarly to maximize the minimum. That is, 
the goal is to take a limited number of ingredients and create the greatest 
possible variety. A composer such as Beethoven or Bartok can take just a 
few basic elements and create the musical equivalent of a complete meal of 
soup, main course, salad and dessert--all with distinctive flavors, so that 
you sometimes can't even recognize the presence of the same ingredients in 
every recipe. 


Let us study the concept of varied repetition in several works. 


Example: 
The basic pattern of Bach's C-Major Invention is the following: 


This basic pattern is repeated over and over again throughout the piece, but 
in constantly new forms. 
For instance, Bach plays the basic pattern in different registers: 


Bach begins the basic pattern on different pitches: 


Bach turns the pattern upside down: 


Bach fragments the theme, dwelling on different segments of it. 
In the next sample, he takes the first four notes and plays them at half- 
speed 


Here, he takes the last four notes, and extends them into an exciting rising 
figure 


He changes the groupings of the basic pattern, sometimes having several 
versions of the entire pattern in succession: 


Finally, he changes how the pattern is echoed between the hands. 
Sometimes, the left hand leads: 


Sometimes, the right hand leads. Notice, in this example, that Bach flips 
the basic pattern upside down and right side up in alternation. 


Now, please listen to the Bach: Invention in C-Major in its entirety. 


All of these flexible repetitions are beautifully coordinated, so that the 
piece creates a clear opening, middle, climax and ending. The fact that the 
basic pattern occurs in every measure creates consistency. The fact that it 
rarely occurs the same way twice contributes to the music's momentum and 
dynamism. The C-Major Invention is thus a case study in repetition 
without redundancy. 


Example: 
In Frederic Chopin's Prelude in A-Major, the basic pattern is a rhythm: 


That rhythm occurs identically eight times. Here is the first time it is 
played. 


The stability of its rhythmic pattern gives the work consistency. At the 
same time, the music moves and progresses thanks to the variety of 
melody and harmony. Listen to how the pattern underlies the following 
examples: 


Now, listen to the Chopin Prelude in its entirety. 


Out of the eight times the rhythmic pattern is played, it only occurs the 
same way twice. As in the Bach, varied repetition helps to make the 
music both intelligible and dynamic. 


Example: 
The following pattern accompanies the voice in Stravinsky's Akahito from 
his "Three Haiku Settings": 


In the Chopin, the rhythm was repeated exactly, but the pitches changed. In 
the Stravinsky, both the rhythm and the pitches are repeated: thirteen times 
in all in this short piece! 

So how is variety created? In this case, as the pattern is repeated over and 
over, an ever changing layer is superimposed upon it. It is as if the basic 
pattern is "bombarded" in different ways, disguising its reappearance. 

The first four times the pattern is played, it alone accompanies the voice. 


But the fifth time, the new layer is added: 


From then on, the added layer is constantly evolving. You will be able to 
recognize the presence of the underlying constant pattern, but its 
reappearance is camouflaged by the changing layer on top of it. 


Now, listen to Akahito in its entirety: 


In Bach and Chopin examples, the basic pattern is treated dynamically: 
Almost every reappearance is new in some way. In the Stravinsky example, 
the basic pattern itself is much more static. Yet the music never sounds the 
same because of the music superimposed on top of it is always changing. 
Thus, the goal of "repetition without redundancy" is accomplished in a new 
Way. 


Example: 

In his work Piano Phase, Steve Reich takes Stravinsky's procedure and 
goes one step further: Just like Stravinsky, he holds his basic pattern 
completely static. Just like Stravinsky, he superimposes an added layer: 
But, this time, the added layer is the basic pattern itself! 

The musical material of Steve Reich's Piano Phase for two pianos consists 
of the following pattern. 


In Piano Phase, the first player remains absolutely fixed, repeating the 
basic pattern over and over again. The second player plays exactly the 
same pattern, but gradually shifts its alignment so that it falls more and 
more out-of-phase with the first player. As the second player shifts 
alignment, new resultant patterns are created. 

As an analogy, imagine that you had two identical panels, each made of 
strips of colored glass. At first, you line up the panels perfectly and shine a 


light through them. The sequence of colors in the panels would be 
projected on the wall: Let us say it is blue, yellow, red, yellow, blue. Then, 
you keep one panel fixed and the slide the panel slightly over: In the new 
alignment, the red in the first panel is aligned with the blue of the second, 
the blue with the yellow, etc. When you shine a light through the panels, 
you get a new sequence of colors on the wall: purple, green, etc. Colors 
you've never seen before suddenly appear! As you can imagine, every time 
you shift one strip over, the resultant colors change. With startling 
efficiency, you can create constantly new patterns on the wall just by 
changing how the panels are aligned. 

Here is how the music sounds when the two pianos begin in alignment. 


A little while later, the second pianist shifts the basic pattern slightly out of 
alignment. 


Later still, the second pianist shifts the pattern further and further out of 
alignment. 


The farther out of alignment the two pianos get, the harder it is to 
recognize the underlying pattern. But ask yourself the following: Did the 
pianos change speed? Did the length of the pattern cycle change? Did the 
pianos play in a new register or at a different volume? When you think 
about it, you will be able to sense the steadfastness of the basic pattern. 
Here is one more example of the pianos out of alignment. 


Now, listen to this extended excerpt from Piano Phase. When you listen to 
the excerpt, you will notice that, when the second pianist shifts alignment, 
there is a brief "blurry" transition passage; then, the new alignment is 
established. The 3-minute excerpt will take you through the first three 
changes of alignment. 


Reich's method uses very minimal means to achieve the goal of varied 
repetition. He manages to create gradual variety without changing the 
register, loudness or density of the pattern. Furthermore, unlike the other 
examples, Reich is very patient in his presentation: He allows each stage of 
the process to persist, repeating over and over again, before shifting to the 
next. As a result, Reich's piece is more meditative and hypnotic than the 
other works; it has more in common with the stable repetition of pop 
music. However, Reich is still stretching his material by maximizing the 
miminum: Eventually, the work explores every possible superposition of 
the basic pattern with itself. 


and Reich would rarely be grouped together. However, beneath their unique 
personalities and styles, these composers are all striving to create musical 
intelligibility through varied repetition. In the examples above, each has 
found a different way to achieve this underlying goal. 


Varied repetition is not only a guiding principle in Western art-music. In a 
jazz work, a pattern such as the famous "twelve-bar blues," will provide an 
underlying consistency on top of which the band will create ever-changing, 
spontaneous improvisations. In an Indian raga, an underlying rhythmic 
pattern, called a tala, creates the framework for elaborate improvisations. 
Music sustains itself, evolves and spans the globe because of the richness of 
possibilities created by varied repetition. 


Repetition and Recognition 


Listening to explicit, literal repetition is like eating a simple carbohydrate: 
It is easily digested and quickly absorbed. That is why popular music has so 
much literal repetition: Its success depends on making an immediate 
impact. On the other hand, listening to transformed repetition is like eating 
a complex carbohydrate: It takes longer to digest. More of our attention is 
engaged: What changed? By how much? How fast did it happen? How long 


will it persist in the new form? Observations lead to interpretation: Why did 
it change? What are the consequences of what happened? 


More and more, nutritionists are emphasizing that complex carbohydrates 
are healthier for our bodies. Similarly, transformed repetition may be 
healthier for our musical minds: It demands greater concentration, more 
astute observations and more careful reasoning--in short, more active 
listening. Learning to recognize and evaluate transformed repetition is a 
crucial aspect of music appreciation. 


Conclusion 


Because music is an abstract, non-verbal time-art, repetition lies at the heart 
of how music makes sense. In pop music, the repetition tends to be more 
literal, while in classical music, it is often varied and transformed. As much 
as composers are often searching for new sounds and instrumental 
combinations, they are also inventing new means of building repetition. 


Musical repetition offers powerful and suggestive models for how we 
understand the world and ourselves. The composer Mario Davidovsky, one 
of America's great living composers, has said that he listens to music not 
with knowledge but rather for knowledge, for guidance in understanding 
and grappling with life. Through its imaginative and ever-changing use of 
repetition, music constantly presents us with new ways to recognize the 
unities and consistencies underlying our experience. 


Musical Identity 


Note: You must have the latest version of Macromedia's free Flash plugin 
to play the musical examples. 


“She was dressed in rich materials—satins, and lace, and silks—all of 
white. Her shoes were white. And she had a long white veil dependent from 
her hair, and she had bridal flowers in her hair, but her hair was white.” 
With these words, Charles Dickens introduces the character of Miss 
Havisham in his novel Great Expectations. 


How is musical identity established? How can we describe the basic 
attributes of a musical idea? 


A writer might portray a character through details of physical appearance, 


background and behavior. We will view musical identity as being created 
by rhythm, melody, harmony, pitch content and instrumental color. 


Rhythm 
Because music is a time-art, rhythm is the most basic element of musical 


identity. Most generally, speed helps to characterize the music: Fast music 
is different from slow. 


Example: 


More concretely, a repeating rhythmic pattern may underlie a musical 
idea. 


Example: 


In Maurice Ravel’s Bolero, a fixed rhythmic pattern—first played by the 
snare drum—anchors the entire composition. 


Example: 


In this excerpt from Steve Reich’s Music for Large Ensemble, the 
evolving texture grows out of an underlying rhythmic pattern. 


The term motive refers to a short, elemental fragment. If the entire pattern 
or theme is a necklace, then motives are its beads. 


Example: 

A rhythmic motive may be a key identifying feature. The opening of 
Beethoven’s Symphony No. 5 consists of music’s most famous rhythmic 
motives: “three dots and a dash.” 


Example: 
In this excerpt, the rhythmic motive is passed around the orchestra: 


Example: 

Lalo Schifrin’s theme for Mission Impossible contains a rhythmic motive 
consisting of “two dots and a dash.” A fixed pattern, or ostinato, underlies 
the Mission Impossible theme, also contributing to its identity. 


A rhythmic motive can take any melodic shape: In the Mission 
Impossible example, the motive at first heads downwards three times in 
succession. It then appears three more times: These times, however the 
motive “curls” upwards. The rhythms are identical but the melodic shape is 
not strict. 


Thus, extended rhythmic patterns and shorter motives may be embedded 
in a musical idea, contributing to its identity. 


Melody 


Melody is music’s most familiar and intuitive term: It’s what we sing or 
hum. In classical and popular music, it is often the primary focus of our 
attention. 


Melody has two components: rhythm, combined with the rising and falling 
of pitch. 


Clearly, rhythm alone does not make a melody: Try singing the rhythm of 
“T’ve Been Working on the Railroad” in a monotone. Stripped of pitch 
inflection, it is no longer a song. But pitch alone is not enough either. Try 
singing “I’ve Been Working” in even-valued rhythms: It loses its form like 
a crumpled shirt. Thus, melody is a hybrid concept: It incorporates both 
rhythm and pitch. When we speak of melodic contour and motive, rhythm 
is often implicated as well. 


The contour of a melody describes its shape. The contour of the principal 


theme of Anton Bruckner’s Symphony No. 8 rises ever higher in three 
short thrusts and then sinks back down: 


Example: 


Example: 
Bruckner maintains the contour but varies the details in this soft statement 
by the French Horn: 


Example: 


This climactic statement by the brass includes one extra push upward: 


Example: 
Let’s recall the theme Nicolo Paganini’s Caprice No. 24 for solo violin, 
this time in a playful orchestration by Witold Lutoslawski. 


Example: 

One of the identifiable features of Paganin’s theme is that its contour 
rollicks up and down predictably. In this variation, Lutoslawski scrubs 
away the melodic and rhythmic details, leaving only the contour. 
Paganini’s theme is recognizable by its shape. 


Example: 

Often, melodies can be analyzed as being made up of one or more motives. 
The opening theme of Ludwig van Beethoven’s Sonata in E, Opus 109 is 
made of a short-long motive. The motive alternates direction, first going up 
and then going down. 


Example: 


The opening theme of Dmitri Shostakovich’s Symphony No. 5 is similar: 
It is also made of a short-long motive. Whereas Beethoven’s motive 
flipped up and down in quick alternation, Shostakovich’s motive is 
repeated before changing direction. 


Thus, the contour of a melody, as well as the primary motives with which it 
is made, help to identify it. 


Harmony 


Whereas melody is generally described as music’s horizontal dimension, 
harmony is its vertical dimension: It refers to sounds sounding together. 
Like rhythm and melody, harmony is often an essential part of musical 
identity. 


An individual harmony is called a chord. A succession of chords that 
creates a complete harmonic statement is called a progression. 


Example: 
The slow movement of Felix Mendelssohn’s Cello Sonata No. 2 opens 
with a long harmonic progression played by the piano alone. 


Example: 
Later, the progression is replayed in its entirety. This time, the cello adds a 
ruminative melodic line. 


Thus, the harmonic progression is essential to the music’s identity. 


Example: 

Similarly, Richard Strauss’ song Morgen similarly opens with an extended 
harmonic progression, played by the piano alone. As the voice concludes 
her first phrase, the progression is replayed, this time with a soaring vocal 
line. Once again, the harmonic progression is essential to the music’s 
identity. As you listen to the excerpt, you will notice that the progression 
deviates at the end: Rather than closing conclusively, Strauss substitutes a 
suspensive chord that leads to the next section. 


Example: 

Whereas one pitch or one rhythmic attack is not enough to create a motive, 
a harmonic motif can be created by just one chord. Richard Wagner’s 
monumental opera Tristan und Isolde is unified by a single harmony—the 
so-called “Tristan chord.” It reappears obsessively throughout the four- 
hour drama, constantly resolving in different ways. 


Example: 
Wagner saves one of the most poignant resolutions for the final one. 


Example: 
In his Chamber Symphony, opus 9, Schoenberg uses a non-traditional 
chord as a structural signpost, heralding the beginning of new sections. 


Example: 
The final time this chord appears, Schoenberg turns it upside down: 


Thus, harmony—from entire progressions to individual chords—may be an 
essential component of musical identity. 


Pitch content 


Pitch content—the notes that make up a theme—may be an important 
element of musical identity. 


In classical music, the pitch content of themes is drawn either from the 
Major or minor scales or modes. Because of its acoustic properties, the 
Major scale is more resonant and “brighter”; the minor scale projects less 
strongly and is considered more “somber.” The opposition between Major 
and minor is one of the strongest contrasts of tonal music: Although mood 
is always subjective, music in Major is more often associated with emotions 
such as joy, triumph and calm, whereas minor is typically associated with 
emotions such as sadness, anger and mourning. You’re unlikely to find a 
wedding march in minor or a lament in Major. 


Example: 
Here is a sampling of music in Major. 


Example: 
Here is a sampling of music in minor. 


Twentieth century music features much more diversity in pitch content. 
Claude Debussy’s Voiles is based on the whole-tone scale: Unlike the 
Major and minor scales, the whole-tone scale consists only of evenly 
spaced steps. 


Example: 


Example: 
Bela Bartok’s Chromatic Invention from Mikokosmos, Book III is based 
on a more clustered collection of notes. 


Example: 
In Krystof Penderecki’s Threnody for the Victims of Hiroshima, the 
pitches are even more densely packed. 


Timbre and texture 


Timbre and texture can also contribute to a theme’s signature. A classical 
music devotee needs only to hear the sound of sleigh bells at the Symphony 
to recognize “Mahler 4”. 


Example: 


Example: 


Later in the movement, the sound of the sleigh bells alludes to the main 
theme. 


Example: 
The opening theme of the second movement of Maurice Ravel’s String 
Quartet is played by a striking texture of plucked strings. 


Example: 


Later in the movement, just the sound of plucked strings is enough to 
evoke the opening theme. Further hints of the theme’s identity are 
sprinkled into the texture, until the theme returns with full force. 


Example: 

Twentieth century composers were particularly adventurous about 
exploring new sounds and instrumental combinations. For instance, John 
Cage invented the prepared piano by inserting screws, erasers, thumb-tacks 
and other objects inside the piano. The prepared piano’s unique timbre is 
part and parcel of the identity of this work. 


Conclusion 


Leonardo da Vinci investigated human anatomy in order to understand how 
better to draw a human figure. We have explored the anatomy of a musical 
idea. To Da Vinci, the human form was made of skin, bone, muscle and 
blood. To us, a musical idea consists of rhythm, melody, harmony, pitch 
content and instrumental color. 


Making Music Modern 


Note:Please note that you must have the most recent copy of Macromedia's 
Flash plugin installed to play the musical examples. 


Introduction 


A tension exists between the enduring aspects of the human condition, 
rooted in our biological make-up, and those aspects of our experience that 
are impermanent, transitory and rapidly progressing. Physically, we have 
evolved very gradually. Our maturation process, our inner urges, our life 
cycle have endured for thousands of years, deeply connecting us to our 
ancestors from the distant past. Over time, we have “stretched” ourselves 
biologically—we are taller and live longer-- but our essential nature and 
basic physiognomy have remained the same. On the other hand, in almost 
every other respect—socially, scientifically, technologically, etc. --the 
transformations have been far-reaching and dramatic. A caveman from ten 
thousand years might recognize our bodies; but he would not recognize our 
world. 


One of the purposes of art is to explore this tension between the enduring 
and the progressing. 


Thus, each era of art makes a unique and irreplaceable contribution, 
illuminating for us a particular moment in humanity’s on-going 
development. 


Whether in ballet, theater, fiction, poetry, architecture or film, the educated 
public acknowledges and celebrates the continuity of artistic creation and 
its perpetual innovations and discoveries. Mavericks such as William 
Faulkner, T.S. Eliot and e.e. cummings in literature, Martha Graham and 
Merce Cunningham in dance, Pablo Picasso and Mark Rothko in art, Frank 
Lloyd Wright and Frank Gehry in architecture, Harold Pinter and Edward 
Albee in theater—to name just a few—all have found an enduring and 


devoted public: We wait for Godot, we are dazzled by Gehry’s forms, are 
awed by Picasso’s fractured portraits. 


In contrast, progressive modern music of the past one hundred years has 
struggled to find an audience. Many major musicians consider it possible to 
live a full professional life without performing the music of their own time. 
Orchestral programming routinely favors the traditional repertoire. A large 
community of prominent performers, theorists and historians avoid the 
creative work of the last century, treating it as an aberration. To many 
listeners, Western concert music as they know and love it ended, for all 
practical purposes, at the turn of the 20th-century. 


As a result, something deeply meaningful is lost. No one speaks with 
greater passion and eloquence than Beethoven about the tension between 
the enduring and transient parts of our selves. But he does so for his own 
time. Our own era is more heterogeneous than Beethoven’s, more unstable, 
and more imbued with ambiguities. Beethoven’s world did not have a 
conception of the unconscious; now psychologists describe most of our 
mental activities as being beyond our direct awareness. In Beethoven’s 
world, science depicted the natural world as a giant, predictable machine; in 
our time, we understand that unpredictability is built into the fabric of the 
cosmos. In Beethoven’s world, news traveled slowly; in ours, the stock 
market is updated by the minute on home computers. The New York Times 
once ran a headline, ”Did Music End With Mozart?” As long as our world 
is developing, as long as our vision of life is evolving, no composer will 
ever have the last word. 


In this module, we will study the ways in which progressive modern music 
differs from classical music. We will then use the conceptual and listening 
tools that we have developed in earlier modules as an entryway into the 
modern repertoire. 


The Shock of the New 


A little over three hundred years ago, Sir Isaac Newton created the first 
mathematically coherent explanation of the universe. To Sir Isaac Newton, 
nature behaved like a well-regulated, predictable machine. Give Newton 


comprehensive information about the universe and he could have predicted 
the future. Famously inspired by a falling apple, Newton's laws are 
confirmed by our direct perceptions and agree with our common sense. We 
still launch satellites into orbit using his method of calculation. But 
Newton's view of a predictable universe turned out to be deeply flawed. 
Perhaps the most the fundamental scientific discovery of the 20th-century 
was the recognition that ambiguity is irrevocably built into nature. 


The Theory of Relativity 


Einstein’s Theory of Relativity stipulates that the speed of light is constant 
for all observers. One startling consequence of this is that simultaneity and 
cause and effect are not absolute, but relative to one’s perspective. It is 
possible for one observer to report two events as happening at the same 
time that another observer sees as happening in sequence. Thus, according 
to the Theory of Relativity, there is no definitive “reality,” no commanding 
perspective that overrides all others. Instead, nature allows for multiple, and 
even contradictory, points-of-view. Decades of experiments have confirmed 
Einstein’s theory. 


Quantum Mechanics 


Ambiguity also intruded into quantum mechanics, the study of sub-atomic 
particles. To give a speeding ticket, a police officer must know both a car’s 
location—in order to identify it—and its speed—in order to determine 
whether it is breaking the law. The Heisenberg Uncertainty Principle 
stipulates that an observer cannot measure both the position and speed of a 
sub-atomic particle with exact certainty. Thus, it would be impossible to 
give a speeding ticket in the quantum world. Why? If the police officer 
were to accurately measure the location of a sub-atomic particle, he would 
have to sacrifice knowledge of its speed. On the other hand, if he were to 
measure how fast the particle were traveling, he could not know its 
position. Nature would continually confound him; his information is 
doomed to be incomplete. 


Psychology 


It is not just the outer world that is saturated with ambiguity. Sigmund 
Freud was the first scientist to deeply explore the concept of the 
unconscious—mental processes that lie beyond our direct awareness. These 
range from metabolic processes like breathing to the complex motivations 
that underlie every day decisions. A century of research has established that 
most of human thinking is unconscious. Various experimental methods 
have been devised to explore the unconscious, from dream analysis to word 
association, Rorshach tests, brain scans, and more. Yet deciphering our 
unconscious thoughts remains elusive. Thus, not only must we must accept 
the ambiguities of the natural world, we must acknowledge it within 
ourselves. 


Nature’s Ambiguities and Daily Life 


Nature’s ambiguities generally lie outside our direct perception . 
Relativistic effects only become pronounced at near the speed of light. The 
contradictory, unresolved behaviors of sub-atomic particles dissipates as 
objects get larger. Unconscious thoughts, by definition, lie outside our 
immediate awareness. Thus, it is possible to be largely oblivious to the 
ambiguities inherent in nature. However, one hundred years of scientific 
research has established that ambiguity imbues the world around and within 
us. 


Ambiguity in Art 


As ambiguity became heightened in science, so too did ambiguity become 
heightened in art. 


All great works of art leave questions open: Is Hamlet mad or just 
pretending to be? Is the Mona Lisa smiling? 20th century artists didn’t need 
to make their art ambiguous—it already was. Instead, they strove to 
amplify art’s ambiguity. Painters created abstract images that did not refer 
explicitly to observable reality. Writers created non-linear narratives that 
shifted around in time or were told from multiple perspectives. How did 
composers heighten the ambiguity in music? 


Heightening Musical Ambiguity 


Because it is non-verbal and often non-representational, music is 
particularly ambiguous. 


During a pre-concert radio interview, a radio announcer commented to the 
conductor that a section of a Bruckner Symphony was one of the 
composer’s most “optimistic” passages. To which the maestro replied 
soberly, ” Actually, I find it quite pessimistic.” Abstract music will always 
resist easy interpretation. 


And yet, as the following discussion will make clear, classical composers 
put a high value on clarity and resolution. Progressive 20th-composers 
shifted the balance much more strongly towards the uncertain and the 
unresolved. 


Individualized Musical Languages 
“U tita enska aka ca vik i totar i tari” 


Speaking in a personal language—no matter how thoroughly imagined and 
consistent—automatically heightens ambiguity. The sentence above—an 
example of Skerre, a language invented by linguist Doug Ball—would take 
a long time and a great deal of analysis to decipher. Language functions 
most conveniently in a community where everyone shares a similar 
vocabulary and syntax. Because music does not have fixed definitions, 
linguistic parallels are often misleading. Nevertheless, the shared materials, 
methods and formal methods of the “common practice era” helped to make 
the music more accessible. Listening to one common practice era work 
helped you understand how to listen to others. 


Example: 
The following excerpts by Franz Schubert and Johannes Brahms were 
written seventy years apart. 


If Schubert had been alive to hear Brahms’ work, the music would no 
doubt have been intelligible to him. 


During the 20th-century, the common practice era came to an end. 
Composers intensified the individuality of their musical voices. The 
following works for speaker and ensemble were written within several 
years of each other: 


Example: 


A few decades later, the following string quartets were written very close 
together. 


Example: 


Finally, the following works for two pianos were written at nearly the same 
time. 


Example: 


Listening to the Carter does not help teach you how to listen to the Cage. 
Listening to the Reich does not help you with the Boulez. Each work much 
be considered on its own terms. 


The personality of individual musical languages were established in a 
myriad of ways. Some composers, such as Harry Partch, invented their own 
instruments. (Partch gave his instruments such fanciful names such as 
Cloud-Chamber Bowls, Diamond Marimba and Chromolodeon.) 


Example: 


Some, like Mario Davidovsky, pioneered the use of electronic sounds. In 
Davidovsky’s Synchronism No.9, live and recorded, electronically 
transformed violin sounds are intertwined. 


Example: 


Some, such as Charles Ives, blended familiar music in unusual ways. In this 
excerpt from his String Quartet No. 2, Ives creates a musical “discussion” 
in which American folk tunes from North and South are quoted in 
opposition to each other. 


Example: 


Some, such as Lou Harrison, incorporated influences from other cultures. 
This excerpt from Harrison’s Song of Quetzalcoatl uses many exotic 
percussion instruments. 


Example: 


Others, such as Elliott Carter and Milton Babbitt, developed sophisticated, 
very carefully constructed musical methods. In this excerpt from Carter’s 
Variations for Orchestra, ensembles within the orchestra are characterized 
uniquely—the winds, for instance, are soft and slow-paced—and then 
layered on top of each other in a complex counterpoint. 


Example: 


Now, over a hundred years after the end of the "common practice" period, 
there is an enormous proliferation of musical styles. The break-up of the 
musical community in favor of much more personal musical languages 
greatly heightened ambiguity. 


Absence of Pulse 


A steady pulse or “backbeat,” so crucial to pop music, jazz and much world 
music, provides continuity and predictability: You tap your feet to the beat. 


Example: 


A steady meter divides musical time into a fixed cycle of beats. Classical 
ballet and ballroom dancing depend on a steady meter. 


Example: 


Removing the steady pulse or meter disrupts the musical continuity and 
makes events much harder to predict. There are two main ways to 
accomplish this: One is to make the pulse or meter erratic. 


Example: 


The second is to remove the sense of pulse and meter altogether, creating 
what Pierre Boulez has termed “unstriated time.” In the following example 
from Boulez’s Eclat, the solitary, sporadic events seem to float freely, 
unanchored by meter or pulse. 


Example: 


Weakening the sense of pulse or meter heightens ambiguity by removing an 
important frame of reference. 


Unpredictable Continuity 
Exercise: 


It is frequently remarked that classical music is constantly creating 
expectations that encourage us to guess what will happen next. In 
expository sections, when the music is striving for maximum clarity, many 
of those expectations will be met. For instance, listen to the opening of J.S. 
Bach’s Prelude in E-flat from the Well-Tempered Clavier, Book I. Can you 
predict what happens next? 


The upper register continues with fast motion The lower register answers 
the upper with fast motion Both registers move in slow values. 


Now, listen to the actual continuation. 


The first few exchanges between upper and lower registers created the 
expectation that the lower register will continue to imitate the upper. Sure 


enough, the lower register answers in fast motion, confirming our 
prediction. 


Example: 

A surprise occurs when one outcome is strongly anticipated but another 
one occurs. Ambiguity arises when multiple outcomes are all equally 
expected or no good forecast can be made. Listen to the opening of the 
second movement of Igor Stravinsky’s Three Pieces for String Quartet. 
Can you predict what happens next? 


Which of the various gestures that Stravinsky has introduced follows next? 
How sure are you? Here is how the music actually continues: 


This time, you were likely to have much less confident of your answer. In 
the Bach example, a pattern was established: the upper register was 
repeatedly answered by the lower. Stravinsky does not establish a 
consistent pattern, making any predictions much more uncertain. When we 
cannot confidently forecast what will happen in the future, ambiguity is 
heightened. 


Minimal Exposition 


In football, the quarterback announces the play in the huddle; then the 
offense steps up to the line of scrimmage and runs the play. In music, 
expository statements establish the identity of a musical idea; 
developmental passages put the idea into action. Most classical music 
operates like a football offense: an idea is first introduced, then put into 
action. 


Example: 


In a no-huddle offense, the quarterback calls out the plays at the line of 
scrimmage. Teams use the no-huddle offense to speed up the pace of the 
game and confuse the defense. This creates a much more ambiguous and 
hectic situation. It is harder to defend, because there is less time to analyze 
formations. Analogously, in music, when exposition is abbreviated and 
development intensified, ambiguity is heightened. 


Example: 


In the most extreme cases, a modern work may consist exclusively of 
development. This is as if a team were to spend the entire game in a no- 
huddle offense! In such cases, the identity of the underlying material may 
be very difficult to perceive. 


Lack of Literal Repetition 


We establish our identity through our name, our driver’s license, social 
security number, credit cards, personal belongings, habits, tastes, family and 
friendships. In music, the most forceful and clear way to establish identity 
is through literal repetition. Literal repetition is the strongest way to 
make a musical idea recognizable. 


Example: 


Buddhism challenges the concept of identity, considering it an illusion. We 
may cling to the emblems of an enduring self; but they are no more 
substantial than sand castles. The only permanent truth is “impermanence.” 
This finds a powerful correlation in one of modern music’s most radical 
innovations: The elimination of literal repetition. Removing literal 
repetition weakens any sense of a stable “musical identity” and heightens 
the music’s sense of impermanence and flux. 


Example: 


Lack of Resolution 


In classical music, a dissonance is a tendency tone that is considered 
unstable. A dissonance demands continuation: It must resolve to a stable 
tone, called a consonance. 


Example: 


Classical music makes an essential promise: All dissonances will resolve. 
Sometimes, resolutions are delayed; or new dissonances enter just as others 
are resolved. Eventually, however, the music will reach a state of repose and 
clarity. 


Example: 


In progressive modern music, dissonance is frequently intensified and 
sustained way beyond classical expectations. 


Example: 


In addition, there is a new paradigm: Dissonances no longer must resolve. 
Stability and clarification are no longer guaranteed. 


Example: 


Nowhere is the clarity of classical music more strongly established than at 
the end of a work. There, the music summons its greatest powers of 
resolution. Beethoven’s Symphony No. 5 ends with an emphatic affirmation 
of stability. 


Example: 


The absence of resolution at a work’s close guarantees greater ambiguity. In 
the following example from Pierre Boulez’s Dérive, a stable sound is 
sustained by the violin. The other instruments dart towards and away from 
this sound, never wholeheartedly coinciding with it. The effect is much 
more precarious than in the Beethoven example. 


Example: 


There is nothing that we can do to make Boulez’s ending sound as secure as 
Beethoven’s: It is inherently more ambivalent. 


Heightened dissonance 


In music theory, dissonance is a functional term. To listeners, though, 
“dissonant” is often a value judgment, typically meaning “harsh” and 
“unpleasant.” Those attributes, though, are subjective and carry strong 
negative connotations. I would prefer a different description. Acoustically, a 
stable sound is more “transparent:” It is easier to identify its inner 
constituents. A sound with a lot of dissonance is more “opaque:” The 
greater the amount of dissonance, the harder it is to analyze and interpret 
the sound. 


Example: 


It is easy to understand, then, why modern composers might heighten 
dissonance: Not necessarily to make the music more strident but rather to 
increase the ambiguity by making the sounds harder to aurally decipher. 


Harmonic Independence 


In a family-style restaurant, everyone sitting at one table is fed the same 
food. As the platters are brought to the table, the guests choose their own 
portions; yet they are bound together by sharing the same meal. If someone 


were to ask about the menu of the day, there would be a clear and united 
answer. 


The word harmony describes the notes that are sounding at the same time. 
In classical music, no matter how many instruments are playing, they will 
share the same harmony. As one harmony leads to another, the instruments 
will move together, partaking of the same notes. In addition to a steady 
pulse, harmonic coordination is the primary way that classical music 
coheres. Harmony is the reason that the instruments “sound good together” 
even when they are playing independent lines. 


Example: 


At a salad bar, each person creates his or her own meal. One person might 
make one trip to the buffet; another might visit repeatedly, each time 
choosing different items. The diners no longer cohere in the same way: It 
would be impossible to know from one person’s plate what someone else 
was eating. 


In music, the absence of harmonic coordination may create great 
ambiguity and complexity. Harmonic independence makes is much harder 
to get a “comprehensive” overview of how the instruments fit together. The 
third movement of Luciano Berio’s Sinfonia dramatizes this effect. In this 
movement, the Scherzo from Mahler’s Second Symphony is played 
continuously. On top of it, an elaborate collage of music and text is layered: 
graffiti from the walls of the Sorbonne, quotes from Samuel Beckett, 
excerpts from classical and modern music. Strong clashes arise because the 
collage elements do not agree harmonically with the Mahler. 


Example: 


Harmonic independence does not mean that modern composers do not 
care how independent lines sound together. They do care, but they are 
trying to create ambiguity rather than clarity. Giving each instrument its 
own “plate of food,” which may complement others in intricate ways, leads 
to radically new resulting sounds. 


Weak Rhetorical Reinforcement 


When the winner is declared in a typical Presidential election, streamers 
and balloons fall down from the ceiling, supporters cheer, cameras flash— 
all reinforcing the decisive outcome. 


In classical music, united emphasis or “rhetorical reinforcement” is a 
primary means of creating structural clarity. In Beethoven’s Symphony No. 
5, the third movement continues into the fourth without a break. The 
boundary between the movements is marked by strong rhetorical 
reinforcement: The dynamics, texture, meter and speed all change at once to 
herald the opening of the fourth movement. 


Example: 


The Election Night 2000 offered a different picture: No balloons fell, 
people milled about in a state of confusion, television announcers nervously 
shuffled their papers. Indeed, the country managed to peacefully sustain the 
uncertain outcome for the seven weeks that followed. 


In progressive 20th century music, rhetorical reinforcement is often weak or 
absent. This makes the structural arrival points much more difficult to 
perceive. In Henri Dutilleux’s Ainsi la nuit..., the individual movements are 
played without pause. However, the boundaries between movements are 
difficult to discern because there are conflicting cues. 


Example: 


Perhaps you recognized that the second movement begins with the loud 
gesture played a little over a minute into the excerpt. However, this gesture 
does not have a greater perceptual priority than other potential markers, 
such as the long silences. As a result, you are likely to be far less certain 
about the formal boundary. 


In traditional ballet, music and movement typically reinforce each other: 
For instance, the music will reflect the change from a solo to an ensemble 
number. However, when composer John Cage and choreographer Merce 
Cunningham collaborated, they did not coordinate their work. Music and 
dance were combined for the first time at the premiere. This made rhetorical 
reinforcement highly unlikely; if it did occur, it could only be the result of 
chance. Thus, the method of collaboration guaranteed greater ambiguity. 


Silence 


In his book “Signifying Nothing,” the mathematician Brian Rotman 
presents an analysis of William Shakespeare’s King Lear. Dividing up his 
kingdom before his death, Lear asks each of his three daughters to pledge 
their love for him. His youngest daughter Cordelia’s turn comes: 


"Lear:...what can you say to draw a third more opulent than your sisters? 
Speak." 


"Cordelia: Nothing my lord." 

"Lear: Nothing?" 

"Cordelia: Nothing." 

"Lear: Nothing will come out of nothing: speak again." 


In Rotman’s interpretation, Lear understands Cordelia’s “nothing” in the 
medieval sense, as a “void,” “death,” the total absence of life and feeling. 
But Cordelia intends her “nothing” in a more modern sense: She refuses to 
treat her love as a commodity, to be traded for land. Her “nothing” does not 
mean that she has no love; only that she will not offer it in exchange for her 
inheritance. From that misunderstanding, the tragedy of Lear unfolds. 


In the same way that medieval thinkers regarded “nothing” as the “absence 
of creation,” many musical traditions treat silence as the “absence of 
music.” Silence is almost totally absent from pop music. In classical music, 
it is used sparingly: It may occur as a “breath” to short phrases or as a 
formal articulant to large sections. The opening of Mozart’s Symphony No. 
AO in g-minor consists of continuous sound until the arrival of the 
contrasting section, which is marked by silence: 


Example: 


In progressive 20th-music, silence began to be treated as a musical material 
in its own right. Its musical information is limited: All we can analyze is 
how long it lasts. But, in seeking to heighten ambiguity, this limitation 
became a strength. We can read many possible meanings and inferences 
into silence: It is a hesitation, an interruption, a “trap door” into the 
unexpected. 


Example: 


To John Cage, silence marked a musical event over which the composer had 
no control, which could function as a “window” into other sounds. His 
Imaginary Landscape No.4, is scored for twelve radios. The performers 
move the frequency and volume dials according to precisely timed 
instructions. Cage has no control over the resulting sound: It depends 
entirely on what is being broadcast that day. At one performance, none of 
the frequencies marked in the score coincided with stations in that location, 
resulting in a completely silent performance. 


The greater the use of silence, the greater the ambiguity. 


Noise 


If silence is the “absence of sound,” then noise is “indiscriminate” or 
“indistinguishable” sound, in which it is impossible to tell the pitches or 
what instruments are playing. Classical music is generally purged of noise. 
Exceptions such as the following are rare: 


Example: 


To progressive 20th-century composers, the inherent ambiguity of noise 
became very attractive. 


Composers incorporated noise in their music in numerous ways. Some 
brought the outside world into the concert hall. For instance, to create his 
electronic composition Finnegan’s Wake, the John Cage recorded sounds in 


the Dublin neighborhood where a scene from Joyce’s novel occurred; he 
then layered these in a complex collage. 


Example: 


Other composers asked for standard instruments to be played in non- 
traditional ways. In his string quartet Dark Angels, George Crumb has the 
amplified quartet run their fingers rapidly up and down their fingerboards, 
creating a sound meant to evoke the frantic buzzing of insects. 


Example: 


As with silence, the more noise, the greater the ambiguity. 


Ambiguous Notation 


The furniture from IKEA comes in a box, with a manual on how to put it 
together. There is room for individual touches: But the over-arching goal is 
to create a piece of furniture that matches the instructions. 


Classical music also comes with detailed instructions. A classical score 
typically specifies the instrumentation, pitches and rhythms, speed, 
dynamics and articulations. Not everything is marked with equal precision, 
leaving room for interpretation. However, the purpose of the score is to 
create a recognizable performance: Much more is shared between 
interpretations than differs. For instance, compare two performances of 
Beethoven’s Bagatelle, Opus 126, no.1. 


Example: 


Modern composers sometimes sold their furniture with the barest of 
instructions. Compare the following two recordings. 


Example: 


Hard as it may be to believe, those are actually two performances of the 
same work: Earle Brown’s December 1952. How can that possibly be? The 
instrumentation is different. The musical content—the pattern of sounds and 
silences--is totally different. Not a single detail is the same. The first 
performance lasts just 45 seconds. The second is actually only an excerpt of 
a 6-minute performance. 


The score for Brown’s work is shown in [link]. 
Brown's December 


oo Fe aes 


The composer offers no suggestions as to how to interpret the image: All 
decisions are left up to the performer. Brown’s goal was to provide the 
impetus for a musical performance but not to impose an outcome. With 
such ambiguity in the notation, enormous variation in performance is 
possible. 


Ambiguity in notation represents perhaps the greatest extreme reached in 
modern music. The more the musical text leaves open, the more it moves 
away from the constructive clarity of the classical era. 


Listening to Ambiguity 


Tolerating the Ambiguity 


In Samuel Beckett’s “Waiting for Godot,” two vagabonds—Vladimir and 
Estragon—await the arrival of a mysterious visitor, Godot. Godot’s arrival 
is anticipated, it is hoped for, it is repeatedly heralded--but it never happens. 
No matter how many times you see the play, Godot will never appear. 
Similarly, the ambiguities in a modern musical work are built in and can 
never be removed. Acknowledging this is the first step to a deeper 
understanding. Listeners are so often frustrated because they expect the 
ambiguities eventually to be clarified—if only they knew more or could 
listen more attentively. Doing so does not remove the ambiguities, it only 
makes them more acute and palpable. 


Thinking Clearly About Ambiguity 


Once you learn to tolerate the ambiguity, you can begin to discover its 
source. Are pulse and meter absent or erratic? Is dissonance heightened? Is 
the continuity unpredictable? Is there minimal exposition? Perpetual 
variation? Do noise and silence figure prominently? Any or all of these may 
contribute to the work’s open-endedness. 


Considering the sources of the ambiguity will help you relate different 
pieces to each other and enable you to become more articulate about what 
you hear. 


Ask Comprehensive Questions 


When listening to a modern work, the most effective way to surmount the 
challenges created by an individualized musical language is to ask 
comprehensive questions that are not style specific. 


Each of the questions below is addressed in its own module: 


¢ What is the form of the work? If it is an “A-type” form? If so, what is 
being prolonged? Is it an “A/B-type form”? If so, how is contrast 
created and where does it occur? [Musical Form] 

e What is the balance of expository and developmental sections? 
[Expository and Developmental | 

e What is the overall destiny of the work? Do you consider it a strong 
round-trip, weak roundtrip or one-way progression? [Overall Destiny | 

e What is time’s effect upon the material? Does any music ever return in 
its original form? Or is it always subjected to transformation? [Time's 
Effect on the Material] 


Be Prepared for more Personal Reactions 


Progressive modern works often do not strongly direct the listener’s 
attention: There may not be a clear hierarchy of theme and accompaniment; 


structural arrival points may be more subtle or evasive. Be prepared for 
your reaction to be more personal; and be prepared for your perspective to 
change with repeated hearings, as you focus on different aspects of the 
work. 


Celebrating Ambiguity 


In the same way that a Jackson Pollock drip painting will never resolve 
itself into a clear image, the ambiguity in a progressive modern composition 
is irreversible. Whether it is now or in fifty or five hundred years, the only 
way to appreciate such music is to learn to sustain, tolerate and celebrate 
the ambiguity. There’s nothing that we can do to make the ending of 
Boulez’s Dérive sound like the end of Beethoven’s 5th. We cannot remove 
the noise from Dark Angels or make a single performance of Earle Brown’s 
December 1952 definitive. 


In an art form that is already abstract and non-verbal, heightening the 
ambiguity only increases the feelings of isolation and uncertainty. In 
addition, music is conventionally taught using concepts and terms specific 
to the common practice era. This training conditions listeners to certain 
expectations that modern music often fails to meet, leaving them baffled. To 
enjoy modem music, you must recognize the integrity of our own 
experience with the music—you must learn to trust your ears. You must 
also learn to abandon your pre-conceptions and listen in a style-independent 
way. 


Most of us live comfortably in a Newtonian world, with modern advances 
in physics only at the periphery of our awareness. In a recent Op-Ed piece 
in the New York Times, the physicist Brian Greene lamented that, even one 
hundred years after Einstein’s insights, the Theory of Relativity has not yet 
infiltrated our daily experience. In life and in music, we often long for 
clarity. And yet, in so many ways, we are learning how deeply ambiguity is 
embedded in our experience and how acknowledging and tolerating it 
enlarges our spirit. Progressive modern music offers one of the safest ways 
to experience ambiguity. If we can learn to reckon with modern music with 


an open mind and careful attention, it may help us deal more patiently and 
constructively with a world filled with contradictions and paradoxes. 


